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Introduction
In RAN1#89, the following agreement about Type I and Type II CSI codebooks proposed in [2] was made.
	Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers


In this contribution, the remaining details about Type I and Type II CSI codebooks are discussed.        
Codebook for Beamformed CSI-RS
1 
2 
The slide 24 of the agreed way forward [2] is copied below.
	· NR supports the following extension of Type II Cat 1 CSI for rank 1 and 2
·  where  is the number of CSI-RS ports 
· The value of  is configurable: 
· The possible values of X follow Type II SP codebook
·  , 
·   is a length- vector with i-th element equal to 1 and 0 elsewhere
· Port selection:  - calculation and reporting of is wideband ( bits)
· The value of  is configurable:  under the condition that  and 
· Amplitude scaling and phase combining coefficients, along with their configurations, follow Type II SP codebook
· Note: SB phase combining coefficients, WB or WB+SB amplitude scaling
· FFS: Whether/how to make parameters of Type II SP codebook more scalable to support lower feedback overhead 


According to the agreement, the lower feedback overhead codebook for beamformed CSI-RS (highlighted text) is FFS. A motivation to support a lower overhead beamformed CSI-RS codebook is to support hybrid CSI reporting mechanisms with lower feedback overhead in NR. The following hybrid CSI reporting mechanisms are supported in LTE:
· Mechanism 1 comprises of the following two CSIs:
· the first CSI is associated with a non-precoded CSI-RS resource and comprises RI(1) and i1, where i1 is derived using the W1 component of the Class A codebook, and 
· the second CSI is associated with beamformed CSI-RS with K = 1 resource and comprises PMI/RI(2)/CQI, where PMI is derived using 2, 4, or 8 ports Class B, K = 1 codebook.
· Mechanism 2 comprises of the following two CSIs:
· the first CSI is associated with beamformed CSI-RS with K > 1 resources and comprises CRI, and 
· the second CSI is associated with beamformed CSI-RS with K = 1 resource and comprises PMI/RI(2)/CQI, where PMI is derived using 2, 4, or 8 ports Class B, K = 1 codebook.
To support hybrid CSI reporting mechanisms in NR, low-overhead beamformed CSI-RS codebook is needed for the 2nd CSI reporting. The following codebook alternatives can be considered.
· Alt 0: Extend the agreed beamformed CSI-RS codebook [2] with L = 1
· Alt 1: LTE Class B, K = 1 codebook
There are at least three issues with Alt 0. The first issue is that the overhead of rank 2 CSI reporting, which can be 6 bits per SB if 8-PSK phase is configured. The overhead increases if SB amplitude is reported. The second issue is rank > 2 since the current Type II CSI codebook is restricted to up to rank 2. The third issue is that it is unclear whether amplitude reporting is necessary for L = 1. 
Regarding Alt 1, it has been proposed in previous meetings by some companies that LTE Class B, K = 1 port selection codebook is not supported in NR. The rationale behind such proposals is that port selection can be achieved via CRI reporting associated with beamformed CSI-RS with K > 1 resources each with small number, e.g. 1 or 2, of ports. There are at least the following issues with such proposals.
· Since CRI is typically reported in a WB manner, port selection via CRI restricts port selection to SB. This may result in performance loss when compared with port selection using LTE Class B, K = 1 codebook where port selection is SB.  
· If hybrid mechanism 1 is supported, then the first CSI report will comprise i1 (and RI) and the second CSI report will comprise CRI (and PMI/CQI/RI). Since the first CSI is usually reported with a longer periodicity than the second CSI, CRI has to be reported faster than i1 which is not desired (CRI reporting usually is longer in periodicity than i1).
· Since the number of ports associated with each beamformed CSI-RS resource is small (1 or 2), multiple CRIs are needed to report rank > 2 CSI in the second CSI report. For example, two CSIs (CRI1, CRI2) are needed to report rank 3 CSI. Also, the mapping between (CRI1, CRI2) to layers (1, 2) or (2, 1) needs to be considered including the possibility of additional signalling to report the mapping between CRIs and layers. This is also applicable to rank 5 and rank 7.
In view of above-mentioned issues, and the fact that LTE Class B, K = 1 codebook has been studied extensively in two LTE releases, we propose to support Alt 1 as lower feedback overhead codebook for Np = 2, 4, and 8 beamformed CSI-RS ports. The use case of lower overhead codebook for more than 8 beamformed CSI-RS ports is unclear, and requires further study.  
Proposal 1: Support LTE Class B, K = 1 codebook for Np = 2, 4, and 8 ports as the lower feedback overhead codebook for beamformed CSI-RS ports in NR; codebook for more than 8 ports requires further study

Hybrid mechanism 1
For Np = 2 beamformed CSI-RS ports associated with the 2nd CSI reporting of hybrid mechanism 1, RI(1) reporting in the 1st CSI may not be necessary and it can be fixed to rank 1 for example. For Np = 4 and 8 beamformed CSI-RS ports, however, RI(1) reporting may be necessary to ensure performance. To verify this, the following RI(1) reporting alternatives are evaluated:
· Unrestricted RI(1): Both RI(1) and RI(2) are reported without any restrictions.
· No RI(1): RI(1) is fixed to rank 1 and RI(2) is reported without any restrictions.
· 1-bit RI(1): 1-bit RI(1) is reported for rank 1 and rank 2 and RI(2) is reported without any restrictions.
Assuming up to rank 4 hybrid CSI reporting, RI(1) and RI(2) reporting overheads can be summarized as in Table 1.
[bookmark: _Ref458611946]Table 1: RI(1) and RI(2) reporting alternatives
	Scheme
	 RI(1)
	RI(2)

	Unrestricted RI(1)
	Rank 1 – 4 (2-bit)
	Unrestricted (2-bit)

	No RI(1)
	Rank 1 (0-bit)
	Unrestricted (2-bit)

	1-bit RI(1)
	Rank 1 – 2 (1-bit)
	Unrestricted (2-bit)


The non-full-buffer system-level evaluation is carried out for UMi-2GHz channel model in low (20% target RU) traffic loading scenarios with up to rank 4 CSI. The results are provided for 32 non-precoded CSI-RS ports with (N1,N2) = (4,4) in the 1st CSI reporting and Np = 8 beamformed CSI-RS ports in the 2nd CSI reporting. The periodicity of 1st CSI reporting is 100 ms and that of the 2nd CSI reporting is 5ms. For comparison, one-shot Type I CSI reported every 5ms is considered as reference in this evaluation. The relevant simulation parameters are enlisted in Table 5. The codebook for the 1st CSI reporting is the NR Type I CSI codebook with L = 4, and that for the 2nd CSI reporting is the LTE Class B, K = 1 codebook. The performance gains with “Type I CSI” as reference is summarized in Figure 1. 

[bookmark: _Ref458615598]Figure 1: Performance gain 
From these results, we can make the following observation.
Observation 1: 
· Hybrid mechanism 1 achieves significant gain over one-shot Type I CSI reporting: up to 8% and up to 13% additional performance gain in avg. UPT and 5% UPT, respectively
· When compared with unrestricted RI(1) and 1-bit RI(1), ~9-12% performance loss in avg. UPT when no RI(1) is reported.
· 1-bit RI(1) reporting shows small performance loss when compared with unrestricted RI(1) reporting.
We propose the following based on these observations.
Proposal 2: Support LTE hybrid mechanism 1 with the following RI(1) reporting in the 1st CSI 
· Np = 2 beamformed ports: 0-bit RI(1) (indicating rank 1 NR Type I CSI) 
· Np = 4 or 8 beamformed ports: 1-bit RI(1) (indicating rank 1 or rank 2 NR Type I CSI)
3 
[bookmark: _Ref446598642]Type II CSI Codebook
The slide 22 of the agreed way forward [2] is copied below.
	[image: ]
(*) Note: 
· K=4, 4, and 6 for L=2, 3, and 4, respectively
· In this example (for illustrative purposes), it is assumed that all . The PMI payload is reduced when . Details FFS.
(**) Note: It is FFS if beam selection is signaled jointly using  bits vs. independently using  bits per beam; only one approach will be specified. This example uses  bits to calculate total WB payload and total payload.



There are two FFS items for Type II codebook. The first item (highlighted in blue) is about the details of the PMI payload reduction when the reported WB amplitude . The PMI comprises a first (WB) PMI i1 and a second (SB) PMI i2. The first PMI i1 = [i1,1, i1,2, i1,3, i1,4, i1,5] comprises two layer-common components, orthogonal basis set (indicated using indices i1,1 and i1,2) and L beam selection (indicated using index i1,3, details are provided later), and two layer-specific components, strongest coefficient (indicated using index i1,4) and WB amplitudes (indicated using index i1,5). The indices i1,4 and i1,5 can be expressed further as  and  The second PMI i2 = [i2,1, i2,2] comprises two layer-specific components, SB phase indicated using index i2,1 and SB amplitude (if configured) indicated using index i2,2, which can expressed as  and   

The payload of first PMI i1 is fixed and that of second PMI i2 varies depending on the number of layers (RI) and the number of reported non-zero WB amplitudes. 
· If SB amplitude reporting is turned OFF (WB-only amplitude), i2,2 is not reported and i2,1 indicates SB phases  for coefficients with. The SB phases  for coefficients with  are not reported.  
· If SB amplitude reporting is turned ON (WB+SB amplitude), 
·  indicates SB phases  using a -PSK phase codebook for the  strongest coefficients and QPSK phase codebook for the remaining  coefficients, and 
·  indicates SB amplitudes  for the  strongest coefficients; the SB amplitudes for the remaining  coefficients are not reported,
where 
· Z{2, 3} (slide 21 of agreed WF [2]),
·  for RI = 1 and  for RI = 2,
· M = number of non-zero WB amplitudes, i.e., , and
· , where K = 4, 4, and 6 for L = 2, 3, and 4, respectively (slide 21 of agreed WF [2]).

According to the agreement [2], “The (K–1) leading coefficients are determined implicitly from reported (2L–1) WB amplitude coefficients per layer without additional signaling.” Since M can be smaller than K, the number of coefficients in the stronger group is  Therefore, the stronger group comprises N coefficients and the weaker group comprises remaining M – N coefficients and the two groups are determined based on implicit ordering of the reported WB amplitudes without additional signaling (according to the agreement [2]). To resolve the case when two reported WB amplitudes are identical, the following simple rule is used. 
· When two elements,  and , of the reported WB amplitudes are identical (), then the element  is prioritized to be included in the set of the  strongest coefficients for  and  reporting.
We make the following proposal.

Proposal 3: For Type II CSI reporting, the payload of first PMI i1 is fixed and that of second PMI i2 varies depending on the number of layers (RI) and the number of reported non-zero WB amplitudes. 
· If SB amplitude reporting is turned OFF (WB-only amplitude), i2,2 is not reported and i2,1 indicates SB phases  for coefficients with. The SB phases  for coefficients with  are not reported.  
· If SB amplitude reporting is turned ON (WB+SB amplitude),  
·  indicates SB phases  using a -PSK phase codebook for the  strongest coefficients and QPSK phase codebook for the remaining  coefficients, and 
·  indicates SB amplitudes  for the  strongest coefficients; the SB amplitudes for the remaining  coefficients are not reported,
where 
· Z{2, 3} (slide 21 of agreed WF [2])
·  for RI = 1 and  for RI = 2
· M = number of non-zero WB amplitudes, i.e., , and
· , where K = 4, 4, and 6 for L = 2, 3, and 4, respectively (slide 21 of agreed WF [2]).
The grouping of 2L coefficients into two groups, the stronger group comprising N coefficients and the weaker group comprising M – N coefficients, is determined based on implicit ordering of the reported WB amplitudes without additional signaling (according to the agreement [2]).
· When two elements,  and , of the reported WB amplitudes are identical, then the element  is prioritized to be included in the set of the  strongest coefficients for  and  reporting.

The second FFS item (highlighted in blue) is about the reporting of L selected beams. Two alternatives for beam reporting are as follows. 
· Joint: this requires  bits signaling to report L beams.
· Independent: this requires  bits signaling to report L beams.
Table 2 summarizes the additional overhead of independent beam reporting over joint beam reporting. Since the independent beam reporting requires up to 8 additional bits, which is large, we propose joint reporting of L beams.  

[bookmark: _Ref485209082]Table 2: Additional overhead of independent over joint beam reporting
	
	N1N2

	
	2
	4
	6
	8
	12
	16

	L
	2
	0
	1
	2
	1
	1
	1

	
	3
	0
	4
	4
	3
	4
	2

	
	4
	0
	0
	8
	5
	7
	5








Let  indicates the i-th beam in the selected orthogonal basis set. The beam indices  for  are reported jointly using , hence , and  




The corresponding DFT beam in the oversampled DFT codebook is given by (,) where

.




Beam numbering: To report L out N1N2 beam selection, N1N2 beams are sorted (numbered) seqentially 0 to N1N2 – 1 first in the 1st dimension and then in the 2nd dimension. For a given beam , the sorted beam index  is given by .  An illustration of the beam sorting (numbering) scheme is shown in Figure 2.


[bookmark: _Ref489523442]Figure 2: Beam sorting (numbering) for (N1, N2) = (4, 4) and 


Beam reporting: similar to the proposal in [3], the sorted L beams, , can be reported according to the combinatorial numbering system,

,









where  if  and  if , where . The combinatorial coefficients  is stored in a table for all  and  so that the UE/gNB does not need to compute these coefficients to report/retrieve L beams using . An example table is shown in Table 3. 
· 

For a given , the first L columns, i.e., column 1 to column L are used, which corresponds to columns in the table. 
· 



For a given , the first  rows, i.e., row 1 to row  are used, which correspond to rows  in the table. 


The mapping of  to  and vice-versa is performed as explained in Table 4.

[bookmark: _Ref489542924]Table 3: Combinatorial coefficients 
	



	1
	2
	3
	4

	0
	0
	
	
	

	1
	1
	0
	
	

	2
	2
	1
	0
	

	3
	3
	3
	1
	0

	4
	4
	6
	4
	1

	5
	5
	10
	10
	5

	6
	6
	15
	20
	15

	7
	7
	21
	35
	35

	8
	8
	28
	56
	70

	9
	9
	36
	84
	126

	10
	10
	45
	120
	210

	11
	11
	55
	165
	330

	12
	12
	66
	220
	495

	13
	
	78
	286
	715

	14
	
	
	364
	1001

	15
	
	
	
	1365





[bookmark: _Ref489971333]Table 4: mapping L beams  to  and vice-versa
	

 to  mapping:


Step 1: (beam numbering) for ,   


Step 2:  to  mapping
· 
Iterate over , 
· 


obtain  using Table 3, where  and  
· 
.

	

 to  mapping:


Step 1:  to  mapping
· 
Initialize 
· 
Iterate over ,
· 




Using Table 3, find the largest  such that  where ; let  be the corresponding largest  
· 

· 

· 




Step 2: for ,  and 



Proposal 4: For Type II CSI reporting,
· 
L beam selection is reported jointly using.
· 
Table 3 is used to map L beams to  and vice-versa.
· 

For a given , the first L columns which corresponds to columns in Table 3 are used.
· 


For a given , the first  rows which correspond to rows  in Table 3 are used. 
· 
The mapping of L beams to  and vice-versa is according to the method in Table 4.

Conclusions
In this contribution, the remaining details about Type I and Type II CSI codebooks are discussed. The proposals and observations made are summarized as follows. 
Proposal 1: Support LTE Class B, K = 1 codebook for Np = 2, 4, and 8 ports as the lower feedback overhead codebook for beamformed CSI-RS ports in NR; codebook for more than 8 ports requires further study
Observation 1: 
· Hybrid mechanism 1 achieves significant gain over one-shot Type I CSI reporting: up to 8% and up to 13% additional performance gain in avg. UPT and 5% UPT, respectively
· When compared with unrestricted RI(1) and 1-bit RI(1), ~9-12% performance loss in avg. UPT when no RI(1) is reported.
· 1-bit RI(1) reporting shows small performance loss when compared with unrestricted RI(1) reporting.
Proposal 2: Support LTE hybrid mechanism 1 with the following RI(1) reporting in the 1st CSI 
· Np = 2 beamformed ports: 0-bit RI(1) (indicating rank 1 NR Type I CSI) 
· Np = 4 or 8 beamformed ports: 1-bit RI(1) (indicating rank 1 or rank 2 NR Type I CSI)
Proposal 3: For Type II CSI reporting, the payload of first PMI i1 is fixed and that of second PMI i2 varies depending on the number of layers (RI) and the number of reported non-zero WB amplitudes. 
· If SB amplitude reporting is turned OFF (WB-only amplitude), i2,2 is not reported and i2,1 indicates SB phases  for coefficients with. The SB phases  for coefficients with  are not reported.  
· If SB amplitude reporting is turned ON (WB+SB amplitude),  
·  indicates SB phases  using a -PSK phase codebook for the  strongest coefficients and QPSK phase codebook for the remaining  coefficients, and 
·  indicates SB amplitudes  for the  strongest coefficients; the SB amplitudes for the remaining  coefficients are not reported,
where 
· Z{2, 3} (slide 21 of agreed WF [2])
·  for RI = 1 and  for RI = 2
· M = number of non-zero WB amplitudes, i.e., , and
· , where K = 4, 4, and 6 for L = 2, 3, and 4, respectively (slide 21 of agreed WF [2]).
The grouping of 2L coefficients into two groups, the stronger group comprising N coefficients and the weaker group comprising M – N coefficients, is determined based on implicit ordering of the reported WB amplitudes without additional signaling (according to the agreement [2]).
· When two elements,  and , of the reported WB amplitudes are identical, then the element  is prioritized to be included in the set of the  strongest coefficients for  and  reporting.
Proposal 4: For Type II CSI reporting,
· 
L beam selection is reported jointly using.
· 
Table 3 is used to map L beams to  and vice-versa.
· 

For a given , the first L columns which corresponds to columns in Table 3 are used.
· 


For a given , the first  rows which correspond to rows  in Table 3 are used. 
· 
The mapping of L beams to  and vice-versa is according to the method in Table 4.
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[bookmark: _Ref450753651]Table 5: Simulation Parameters: Mechanism 1
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Low load 20% Target RU, Lambda = 2)

	Channel model
	UMi-2GHz 

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	32 ports: (4,4,2)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	4

	SU/MU pre-coding
	CB

	Scheduling
	SU, Proportional fair 

	Channel estimation
	Ideal

	Transmission rank
	1,2,3,4

	Receiver 
	MMSE-IRC

	Codebook
	NR Type I CSI codebook with L = 4 [2], agreed in [1]
LTE Class B, K = 1: Np = 8 ports 



Type I CSI	
Avg. UPT	5% UPT	1	1	Unrestricted RI(1)	
Avg. UPT	5% UPT	1.0760000000000001	1.1060000000000001	No RI(1)	
Avg. UPT	5% UPT	0.96099999999999997	1.0940000000000001	1-bit RI(1)	
Avg. UPT	5% UPT	1.0469999999999999	1.1339999999999999	



image1.png
Strongest

SB phase (1 SB):

Rotation: L-beam coefficient (1 | WB amp: Total WB SBamp (1 SB): Zx(K—-1)+ Total payload
L Ol10g, (0,0,)1] selection (=) | CUt O 2L: |3x QL= ag | LXK =Dper | oL —K)per | (WB+ 10 SBs)
N [log, 2L] per | per layer layer layer
layer
2 4 [7 or 8] 2 9 22 3 9 142
3 4 [10 or 12] 3 15 32 3 13 192
4 4 [11 or 16] 3 21 39 5 19 279
2 4 [7 or 8] 4 18 33 6 18 273
3 4 [10 or 12] 6 30 50 6 26 370
4 4 [11 or 16] 6 42 63 10 38 543





oleObject53.bin

oleObject54.bin

image39.wmf
{

}

12

0,1,...,1

xNN

Î-


oleObject55.bin

image40.wmf
(

)

1,31

,

i

isCxy

-

->


oleObject56.bin

oleObject57.bin

image41.wmf
*

x


oleObject58.bin

image42.wmf
x


image2.wmf
(

)

()()

12

,

ii

nn


oleObject59.bin

image43.wmf
(

)

*

,

i

eCxLi

=-


oleObject60.bin

image44.wmf
1

iii

sse

-

=+


oleObject61.bin

image45.wmf
()

12

1

i

i

nNNe

=--


oleObject62.bin

oleObject63.bin

image46.wmf
()()

1

1

mod

ii

nnN

=


oleObject64.bin

oleObject1.bin

image47.wmf
()

()

2

1

i

i

n

n

N

êú

=

êú

ëû


oleObject65.bin

oleObject66.bin

oleObject67.bin

oleObject68.bin

oleObject69.bin

oleObject70.bin

oleObject71.bin

oleObject72.bin

oleObject73.bin

oleObject2.bin

oleObject74.bin

oleObject75.bin

oleObject76.bin

oleObject77.bin

oleObject78.bin

oleObject79.bin

oleObject80.bin

oleObject81.bin

image3.wmf
0,1,...,1

iL

=-


oleObject3.bin

image4.wmf
1,3

i


oleObject4.bin

image5.wmf
12

1,3

0,1,...,1

NN

i

L

ìü

ö

æ

Î-

íý

÷

ç

è

ø

îþ


oleObject5.bin

image6.wmf
[

]

{

}

{

}

1,312

(0)(1)

1

11

(0)(1)

2

22

()

1

1

()

2

2

,,

,,

0,1,,1

0,1,,1

L

L

i

i

inn

nnn

nnn

nN

nN

-

-

=

éù

=

ëû

éù

=

ëû

Î-

Î-

K

K

K

K


oleObject6.bin

image7.wmf
()

1

i

m


oleObject7.bin

image8.wmf
()

2

i

m


oleObject8.bin

image9.wmf
()()

11,1

11

()()

21,2

22

ii

ii

mOni

mOni

=+

=+


oleObject9.bin

oleObject10.bin

image10.wmf
{

}

()

12

0,1,...,1

i

nNN

Î-


oleObject11.bin

image11.wmf
()()()

1

21

iii

nNnn

=+


oleObject12.bin

image12.emf
4 5 6

0 1 2 0

0

7

3

8 9 10 11

12 13 14 15

O

1

O

2

2O

2

2O

1

3O

2

3O

1

1

st

dimension

2

n

d

d

i

m

e

n

s

i

o

n


oleObject13.bin
4


5


6


0


1


2


0


0


7


3


8


9


10


11


12


13


14


15


O1



image13.wmf
(0)(1)(1)

,,...,

L

nnn

-


oleObject14.bin

image14.wmf
(0)(1)(1)()

1

12121212

1,3

0

1111

...

11

Li

L

i

NNnNNnNNnNNn

i

LLLi

-

-

=

öööö

ææææ

--------

=+++=

÷÷÷÷

çççç

--

èèèè

øøøø

å


oleObject15.bin

image15.wmf
!

!()!

x

x

y

yxy

ö

æ

=

÷

ç

-

è

ø


oleObject16.bin

image16.wmf
xy

³


oleObject17.bin

image17.wmf
0

x

y

ö

æ

=

÷

ç

è

ø


oleObject18.bin

image18.wmf
xy

<


oleObject19.bin

image19.wmf
!(1)(2)....1

xxxx

=´-´-´´


oleObject20.bin

image20.wmf
()

12

1

i

NNn

Li

ö

æ

--

÷

ç

-

è

ø


oleObject21.bin

image21.wmf
()

12

0,1,...,1

i

nNN

=-


oleObject22.bin

image22.wmf
0,1,..,1

iL

=-


oleObject23.bin

image23.wmf
1,3

i


oleObject24.bin

image24.wmf
{

}

2,3,4

L

Î


oleObject25.bin

image25.wmf
1,...,

yL

=


oleObject26.bin

image26.wmf
{

}

12

2,4,6,8,12,16

NN

Î


oleObject27.bin

image27.wmf
12

NN


oleObject28.bin

image28.wmf
12

NN


oleObject29.bin

image29.wmf
12

0,1,...,1

xNN

=-


oleObject30.bin

image30.wmf
[

]

12

nn


oleObject31.bin

oleObject32.bin

image31.wmf
(

)

,

x

Cxy

y

ö

æ

=

÷

ç

è

ø


oleObject33.bin

image32.wmf
y


oleObject34.bin

image33.wmf
x


oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

image34.wmf
(

)

,

i

dCxy

=


oleObject45.bin

image35.wmf
()

12

1

i

xNNn

=--


oleObject46.bin

image36.wmf
yLi

=-


oleObject47.bin

image37.wmf
1

1,3

0

L

i

i

id

-

=

=

å


oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

image38.wmf
1

0

s

-

=


