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1 Introduction
It has been known that codebook based pre-coding MIMO can provide significant spectral efficiency gain in the downlink closed-loop MIMO. In LTE, 4 Tx limited-feedback based closed-loop MIMO precoding is supported [1]. In the LTE-A requirement discussions, it was decided that downlink spatial multiplexing of up to eight layers is considered for LTE-Advanced. Even though it is decided in [5] that the demodulation of downlink signals will be based on dedicated reference signals, the network still need to know channel related information to form precoding at the transmitter.  In 3GPP RAN1#57 meeting, it was agreed that “codebook-based precoding feedback for single cell SU-MIMO as working assumption”. Therefore, codebook design for 8 Tx transmission in LTE-A should be considered and supported.
In 3GPP RAN1#55b meeting, the general guidelines for 8 Tx codebook design are discussed [2] and some detailed discussions on codebook design methods are presented [3, 4]. In [3] it is pointed out that the Householder reflection based approach adopted in LTE cannot be easily generalized to the 8 Tx situation of LTE-A systems. That is, the 4 dimensional Householder reflection is the special case where the constant modulus property is preserved, and the Householder based approach does not generate constant modulus codebook for the 8Tx case. Therefore, we may need new generalization methods for LTE-A codebook. In [6], a different approach to construct the codebook for 8 Tx LTE-A system based on complex Hadamard (CH) transformation is introduced. 

In [7], a new design of 4-bit codebook is proposed and the performance of the codebook is compared with other codebooks in various settings through simulation. The simulation results suggest that in ideal channel estimation the codebook proposed in [7] outperforms most of the other 4-bit codebooks under various simulation settings. In this contribution, we update the simulation comparison between the codebook proposed in [6] and that proposed in [7] under real channel estimation for both TU6 channels and dual polarized antenna settings. Additionally, we introduce some new optimized 8Tx codebook for rank 1 and rank 2.
2 8 Tx Codebook Design for LTE-A System
2.1 Performance Metrics Related to Codebook Optimization
There are several important performance metrics that we used in designing the codebooks presented in this paper.
For uncorrelated channels, Chordal distance is known to be an important performance measure. Te be specific, the performance of the codebook is governed by the minimum chordal distance between the codewords in the codebook, which is represented by 

[image: image68.wmf]1111111111111111

111112343412

11111111

111121434321

1

1   

1111111111111111

8

111112341234

11111111

11112143

iiiiqqqqqqqq

iiiiiiii

iiiiqqqqqqqq

V

iiiiqqqqqqqq

iiiiiiii

iiiiqqqq

--------

----

--------

----

=

----

--------

----

 

2143

qqqq

éù

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

ëû


where 
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is the codebook, 
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is the ith codeword of the codebook. 
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stands for the chordal distance between the two codewords. Therefore, one of the design objectives is to maximize 
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 for uncorrelated channels. This objective can be represented in the following equation:
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For correlated channels, the performance of the codebook is partly reflected in the null-direction gain of the codebook projected to the array antennas subspace, which can be expressed as
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where 
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 is a codeword of the codebook 
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 is the array antenna response vector. Therefore, a  second design objective is to maximize 
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 for the codebook. This objective can be represented in the following equation:
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For dual-polarized channels, the performance of the codebook depends on the presence of a (rotated) block diagonal structure in the codewords. Such block diagonal structure enables to perform beamforming while efficiently spreading the transmit power among polarizations. Such structure was shown to provide benefits in 4Tx LTE codebook [8]. An example of a rotated block diagonal codewords is expressed as follows
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where, in 4 Tx case, 
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An example in 4Tx LTE codebook is given by
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When designing the codebook for 8 Tx antenna systems, the performance measures should be taken into account.

Some further criteria to account while designing the codebook is the constant modulus property to equally use the PA resources, the nested property to reduce the complexity of CQI calculation and to ease rank overriding and a reduced codebook alphabet (e.g. 8PSK) to reduce the complexity of CQI calculation.

2.2 4-Bit 8 Tx Codebook for LTE-A Systems
Similar to the approach in [1], we can construct an 8 Tx codebook based on different 8 by 8 base matrices. Keeping both single-polarized (SP) and dual-polarized (DP) configurations in mind together with the above mentioned performance metrics; we introduce a 4-bit codebook for 8 Tx systems based on four base matrices generated by a complex Hadamard transformation. 
The first step of designing the codebook for 8 Tx LTE-A system is to decide what is the size of the codebook. It is clear that the larger the codebook size, the better the performance will be. However, considering the necessary overhead to feedback the precoding vector of the CQI/PMI/RI reporting process, we set 4 bit codebook to be the base line of our design. In this way, we can also re-use the 4-bit PMI feedback structure designed for LTE 4 Tx codebook. 

As discussed in [2], we should choose the elements of the codeword matrix among 8-PSK alphabet, 
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, to avoid the need for computing matrix multiplication in CQI calculation. Therefore, we define the set of transformation matrices as below:
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That is, 
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The 
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 forms 2 by 2 unitary matrix and is used to transform the generation matrix used to construct the larger dimension matrix. 
Given the set of transformation matrix 
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 for 8-PSK, we can define several complex Hadamard (CH) transformations as follows. Given any two generating matrix 
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 denotes the m × n dimensional matrix space whose columns are orthonormal,  let us define one-stage complex Hadamard (CH) transformation as follows
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where 
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 denotes the m-dimensional identity matrix, 
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 denotes the Kronecker product, and superscript in the resulting matrix 
[image: image30.wmf](1)

i

W

 denotes the number of the transformation stages. With this one-stage complex Hadamard transformation, we can generate 2m × 2n matrix with orthonormal columns.
Similarly, we can define two-stage complex Hadamard transformation. Given any generating matrix 
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where 
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One of the interesting points of the CH transformation is that with the CH transformations, we can construct the DFT matrix by performing simple column permutations after a CH transformation. For example, the 4-dimensional DFT matrix can be constructed with the one-stage transformation as
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The 4-bit codebook is obtained as follows.
First let
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After extensive computer search in the 7 dimensions denoted by {i,k,l, m1,m2,m3,m4}, we found  a codebook that is based on the following four base matrices. We believe this codebook provides good tradeoff between the Chordal distance measure and the null-direction gain measure we discussed in the earlier section.
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The mapping from the base matrix to codeword is given in Table 1.
Table 1 4-bit 8 TX precoding Codebook. Note only column indices of the corresponding base matrices are shown in the table for brevity.
	Base Matrix
	CW

Index
	Rank1
	Rank2
	Rank3
	Rank4
	Rank5
	Rank6
	Rank7
	Rank8
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	1
	1
	1 5
	1 3 5
	1357
	13567
	123567
	1234567
	12345678

	
	2
	2
	2 6
	2 4 6
	2468
	24568
	124568
	1234568
	n/a

	
	3
	7
	3 7
	1 3 7
	1378
	13478
	134578
	1345678
	n/a

	
	4
	8
	4 8
	2 4 8
	2478
	23478
	234678
	2345678
	n/a
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	5
	1
	1 3
	1 3 4
	1234
	12347
	123467
	1234567
	12345678

	
	6
	2
	2 4
	2 4 5
	2457
	23457
	234578
	2345678
	n/a

	
	7
	7
	5 7
	5 7 8
	1578
	14578
	145678
	1345678
	n/a

	
	8
	8
	6 8
	1 6 8
	1683
	13568
	123568
	1234568
	n/a

	
[image: image44.wmf]33,3,3

1

(3,3,3,3)

8

WH

=


	9
	3
	3 7

	1 3 7

	1378

	13478
	134578
	1234578
	12345678

	
	10
	4
	4 8
	2 4 8
	1248
	12458
	124568
	1245678
	n/a

	
	11
	5
	1 5
	1 5 7
	1357
	13567
	123567
	1235678
	n/a

	
	12
	6
	2 6
	2 6 8
	2468
	23468
	234678
	1234678
	n/a
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	13
	1
	1 3
	1 3 4
	1234
	12345
	123458
	1234568
	12345678

	
	14
	2
	2 4
	2 4 6
	2456
	24567
	124567
	1234567
	n/a

	
	15
	7
	5 7
	5 7 8
	5678
	25678
	235678
	2345678
	n/a

	
	16
	8
	6 8
	1 6 8
	1678
	13678
	134678
	1345678
	n/a


2.3 Codebook optimization for Rank 1 to Rank 4
The codebook introduced in Section 2.2 provides a good base codebook. However some further optimization is possible given that 8Tx deployments mainly target closely spaced dual and single-polarized antennas arrays. To that end, the matching to the antenna array subspace can be improved while designing the codebook in order to obtain better performance in closely spaced ULA configurations. Moreover the number of block diagonal precoders can be increased in order to better match with dual-polarized channels. Some optimization for rank 1 to rank 4 has been done and here is a better optimized codebook for those ranks. The codebook is nested for rank 1 up to 4, constant modulus and based on 8PSK alphabet.
First, define q1, q2, q3, q4 as below.
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Then we can define two matrices ,V1 and V2, as follows
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The codebook up to rank 4 can be described based on the following table. A given precoder is obtained by column subset of V1 and V2 matrices.
	Codebook Matrix Index
	Base Matrix
	Rank1
	Rank2
	Rank3
	Rank4

	1
	V1
	1
	1 13
	1 13 2
	1 13 2 16

	2
	
	2
	2 6
	2 6 8
	2 6 8 5

	3
	
	4
	4 8
	4 8 6
	4 8 6 5

	4
	
	6
	6 10
	6 10 11
	6 10 11 7

	5
	
	8
	8 12
	8 12 11
	8 12 11 7

	6
	
	10
	10 14
	10 14 11
	10 14 11 9

	7
	
	11
	11 15
	11 15 10
	11 15 10 9

	8
	
	12
	12 16
	12 16 15
	12 16 15 11

	9
	
	13
	13 11
	13 11 14
	13 11 14 9

	10
	
	14
	14 2
	14 2 13
	14 2 13 3

	11
	
	15
	15 1
	15 1 4
	15 1 4 3

	12
	
	16
	16 4
	16 4 15
	16 4 15 3

	13
	V2
	1
	1 7
	1 7 2
	1 7 2 4

	14
	
	2
	2 8
	2 8 1
	2 8 1 3

	15
	
	7
	7 2
	7 2 8
	7 2 8 5

	16
	
	8
	8 1
	8 1 7
	8 1 7 6


3 Performance evaluation
3.1 System Level Simulation Comparison
In this section, we evaluate using system level simulation the performance of Samsung codebooks compared to other proposals. Samsung codebook 1 is the codebook introduced in Section 2.2 based on complex Hadamard transformation, while Samsung codebook 2 is the codebook introduced in Section 2.3 with further optimization on rank 1 and rank 4 codewords. Simulation assumptions are provided in Appendix 3.
In 8x2 simulations, the overhead taken into account in the evaluation is 

	LTE: L=3 symbols for DL CCHs

	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe

	Overhead of CSI RS: 8 CSI RS ports every 5 ms and 2RE/port/RB (This is 16 REs/RB per 5ms)

	Overhead of 2-ports CRS


8x2 Correlated single-polarized channels (|||||||| -> ||)
	CL SU-MIMO
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	4Tx Rel. 8 codebook
	2.5025 (-9.36%)
	0.1083 (-14.72%)

	Samsung codebook 1
	2.7608
	0.127

	Samsung codebook 2
	2.9558 (7.06%)
	0.1443 (13.62%)

	Motorola ULA codebook [10]
	2.9236 (5.9%)
	0.148 (16.54%)

	Motorola XPOL codebook [10]
	2.9061 (5.26%)
	0.1484 (16.85%)

	ZTE codebook [7]
	2.8314 (2.56%)
	0.1391 (9.53%)

	RITT codebook [9]
	2.8777 (4.23%)
	0.1352 (6.46%)

	LGE codebook [11]
	2.8361 (2.73%)
	0.125 (-1.57%)


* between brackets we indicate the relative gain w.r.t to Samsung codebook 1
8x2 Correlated +/-45 dual-polarized channels (XXXX -> X)
	CL SU-MIMO
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Samsung codebook 1
	2.9531
	0.1082

	Samsung codebook 2
	3.1501 (6.67%)
	0.1219 (12.66%)

	Motorola ULA codebook [10]
	2.9924 (1.33%)
	0.1208 (11.65%)

	Motorola XPOL codebook [10]
	3.0789 (4.26%)
	0.1189 (9.89%)

	ZTE codebook [7]
	3.0678 (3.88%)
	0.1248 (15.34%)

	RITT codebook [9]
	3.0787 (4.25%)
	0.1142 (5.55%)

	LGE codebook [11]
	3.1134 (5.43%) 
	0.1078 (-0.37%)


* between brackets we indicate the relative gain w.r.t to Samsung codebook 1
In 8x4 simulations, the overhead taken into account in the evaluation is 

	LTE: L=3 symbols for DL CCHs

	Overhead of CSI RS: 8 CSI RS ports every 5 ms and 1RE/port/RB (This is 8 REs/RB per 5ms)

	Overhead of 2-ports CRS


Since the DM RS overhead for rank 1/2 is different from the overhead of rank 3/4, the overhead of the DM RS is not taken into account while comparing performance of codebooks in 8x4 in order to have a fair comparison between the performance of codebooks. If DM RS overhead is taken account, some codebooks would seem to have better performance because rank 3 is less often selected. However the true reason is rank 3 is not appropriately designed. A better codebook would exploit more rank 3 transmissions but would incur loss of higher overhead.

8x4 Correlated +/-45 dual-polarized channels (XXXX -> X)
	CL SU-MIMO
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Samsung codebook 1
	5.4145
	0.1730

	Samsung codebook 2
	5.6943 (5.17%)
	0.2000 (15.61%)

	Huawei codebook [13]
	5.4597 (0.83%)
	0.2010 (16.18%)

	RITT codebook [9]
	5.5365 (2.25%)
	0.1994 (15.26%)

	LGE codebook [12]
	5.5668 (2.81%)
	0.1867 (7.92%)


* between brackets we indicate the relative gain w.r.t to Samsung codebook 1
8x4 Uncorrelated +/-45 dual-polarized channels (X X X X -> X)
	CL SU-MIMO
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Samsung codebook 1
	5.1861
	0.1149

	Samsung codebook 2
	5.2092 (0.46%)
	0.1245 (8.36%)

	Huawei codebook [13]
	5.1652 (-0.40%)
	0.1227 (6.79%)


* between brackets we indicate the relative gain w.r.t to Samsung codebook 1
Samsung codebook 2 is shown to be a unique codebook that outperforms other codebooks in 8x2 and 8x4 single-polarized and dual-polarized scenarios
3.2 Link Level Simulation Comparison Under Real Channel Estimator
As claimed in [6] that among existing proposed codebooks only the codebook proposed in [6] and that proposed in [7] inherit all the desired property of LTE 4 Tx codebook. Furthermore, the codebook in [6] outperforms all other codebooks under ideal channel estimation. In this section, we focus the performance comparison between the codebook in [6] with the codebook in [7] (Samsung codebook 1) under practical channel estimator. To be specific, we use 2D MMSE estimator to perform the channel estimation. The CQI-RS pattern used in this contribution is illustrated in Figure 1.
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Figure 1: CQI-RS Pattern for 8 Layer Transmissions

In Figure 2, the BLERs of the systems using codebook in [7] and codebook in [6] are compared under TU6 model. The modulation coding scheme is assumed to be QPSK with rate-1/2 turbo code.
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Figure 2: TU6, Rank 1, QPSK, Rate-1/2, 0 Scheduling Delay

At BLER of 0.1, with real channel estimator, codebook proposed in [6] is around 0.3 dB better than that proposed in [7]. Similar behavior can be found in Figure 3 for the case of rank 2 transmission.
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Figure 3: TU6, Rank 2, QPSK, Rate-1/2, 0 Scheduling Delay
In Figure 4 and Figure 5, the BLER performances of the two codebooks are compared under dual polarized antenna configurations with 0.5 
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Figure 4: Dual Polarized Antenna (0.5 
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), Rank 1, QPSK, Rate-1/2, 0 Scheduling Delay
[image: image53.emf]-4 -3 -2 -1 0 1 2 3 4 5 6

10

-3

10

-2

10

-1

10

0

SNR in dB

BLER

8 Tx Codebook Comparison: Dual Polarized, 3 Km/h, 2 Rx, Rate-1/2, QPSK, Rank 2, 2D MMSE ChE, Sch. delay 0 ms

 

 

8 Tx Samsung Codebook

8 Tx ZTE Codebook


Figure 5: Dual Polarized Antenna (0.5 
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As suggested by the results for both rank 1 and rank 2, Samsung codebook 1 outperforms ZTE’s codebook in dual polarized antenna configurations. 

4 Conclusion

In this contribution, we introduced a codebook for 8 Tx systems based on Complex Hadamard Transformation. The CH transformation guarantees the constant modulus property of the codebook. Furthermore, column vectors of the base matrices constructed from CH transformation are orthogonal to each other. Based on this codebook, we simulate the link level BLER performance of 8 Tx systems as opposed to 4 Tx systems. The 4-bits quantized 8Tx codebook provides around 1 dB gain over 4 Tx codebook. 
We also evaluate the performance of different codebooks under real channel estimator. To be specific, we compared the codebook in [6] with the codebook in [7] since these two codebooks inherit all the desired properties of LTE Rel. 8 codebook among exiting codebooks. The simulation results suggest that the codebook in [6] outperforms that in [7] in almost all simulated situations. 
Moreover we introduce some optimized codebook structure for rank 1 to rank 4. Those structures have been specifically designed to further provide gain in dual-polarized and closely spaced antenna arrays. Performance evaluation shows that the proposed structure provides additional gain over the original Complex Hadamard Transformation-based codebook.
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Appendix 1: complex Hadamard transformation-based 8 Tx Codebook Design 
In general, the performance of the codebook can be evaluated through the minimum chordal distance between the codewords together with the link level simulation results. The selection of the introduced codebook is based on the performance metrics introduced in Section 2.2. In this section, we present array manifold together with the link level simulation results of the introduced codebook. 

The array manifold/array response of a codebook is defined as
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is a codeword of the codebook 
[image: image57.wmf]F

and 
[image: image58.wmf])

(

q

t

a

is the transmit array response, give by
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The corresponding array manifold/array response of the introduced rank-1 part of the codebook (16 codeword vectors) is compared against the array response of 16 vectors generated from the 8x8 DFT matrix (8 DFT vectors plus 8 shifted version of the DFT vectors), as illustrated in Figure 6. 
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Figure 6: Array Manifold of the Introduced Codebook
It can be seen that the introduced codebook is quite robust, and has only a slight loss compared to array response generated by the DFT vectors.
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Figure 7: BLER performance of 8 Tx codebook versus 4 Tx codebook for QPSK Rank 1
In Figure 7, the BLERs of the system using 8 Tx codebook versus 4 Tx codebook are compared. The channel model is assumed to be TU6. The channel estimation is assumed to be ideal. The 8 Tx svd curve is obtained by choosing the eigenvector corresponding to the maximum singular value of the channel matrix as the precoding vector. 

It can be seen from Figure 7 that even though the SVD curves of 8 Tx system is 3 dB better than that of 4 Tx system at BLER of 0.1, the benefits of using 8 Tx codebook is only 1 dB. That is partly because of the fact in TU6 the channels from the antennas are independent, 4 bits codebook of the 8 Tx system may not be sufficient to realize the gains of 8 Tx antennas. Similar observations can also be found on the simulation results of the 8 Tx systems using 16QAM modulation in Figure 8. 
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Figure 8: BLER performance of 8 Tx codebook versus 4 Tx codebook for 16QAM Rank 1
Figure 9 shows the simulation results of BLER performance comparison for Rank 2 transmissions with QPSK.
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Figure 9: BLER performance of 8 Tx codebook versus 4 Tx codebook for QPSK Rank 2
As discussed for the situation of Rank 1 transmission, even though the performance gain of the SVD approach in rank 2 case can be as large as 4 dB, the realized gain through using 4 bit codebook is only around 1 dB. 
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Figure 10: BLER performance of 8 Tx codebook versus 4 Tx codebook for QPSK Rank 1 (Dual Polarized Antennas)
In Figure 10, the BLERs of the system using 8 Tx codebook versus 4 Tx codebook are compared under dual polarized antenna configuration. The channel estimation is assumed to be ideal. The 8 Tx svd exists a gain of around 3 dB over 4 Tx svd for rank 1 transmission. However, this gain is not sufficiently captured in the 8 Tx codebook.

Appendix 2: Link Level Simulation Parameters

	System Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Number of Tx antennas
	8

	Number of Rx antennas
	2 

	Antenna spacing
	0.5 λ for dual polarized antenna configuration at Tx

	Mobile speed
	3 km per hour

	Scheduling delay
	0 ms

	DL channel estimation
	2D MMSE

	MCS
	Turbo 1/2, QPSK

	MIMO detection
	LMMSE

	SubBand size
	6 RB


Appendix 3: System Level Simulation Parameters

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	4x2 SU-MIMO with rank adaptation

8x2 SU-MIMO with rank adaptation 

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	wideband rank

	
	long term rank every 30ms

	
	CQI and PMI 5ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=4 consecutive RBs)

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	CQI measurement error: None

	
	PMI feedback error: 0% and 1% error rate

	
	MCSs based on LTE transport formats [36.213]

	
	Unquantized CQI

	codebook

　
	4Tx Rel. 8 4 bit

	
	8Tx 4bit codebook

	Allocation
	localized

	Total number of RB in one subframe
	52

	scheduling unit
	1 subband=4 consecutive RBs

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell and DM-RS of the 8 dominant interferers

	Data Channel Estimation
	Perfect channel estimation on CSI RS and DM RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Vertically polarized antennas at eNB and UE
+/-45 polarized antennas at eNB and UE

	
	0.5 wavelength separation at UE when vertical polarized antennas are used. 

Co-localized dual-polarized antennas.

	
	0.5 wavelength separation at basestation (uniform linear array)

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc. for 8x2
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe

	
	Overhead of CSI RS: 8 CSI RS ports every 5 ms and 2RE/port/RB (This is 16 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	Control Channel overhead, Acknowledgements etc. for 8x4
	LTE: L=3 symbols for DL CCHs

	
	Overhead of CSI RS: 8 CSI RS ports every 5 ms and 1RE/port/RB (This is 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro high spread for 3GPP case 1, 3km/h

	
	8 degrees angle spread

	Link error prediction technique
	MIESM (RBIR)

	Intercell interference modeling
	rank 1 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers


� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���








[image: image66.wmf]1111111111111111

111112343412

11111111

111121434321

1

1   

1111111111111111

8

111112341234

11111111

11112143

iiiiqqqqqqqq

iiiiiiii

iiiiqqqqqqqq

V

iiiiqqqqqqqq

iiiiiiii

iiiiqqqq

--------

----

--------

----

=

----

--------

----

 

2143

qqqq

éù

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

ëû

[image: image67.wmf]11111111

431211

43214321

213411

1

2

8

312114

34123412

134112

qiqqiq

qqqqqqqq

iqqiqq

V

iiiiiiii

qqiqqi

qqqqqqqq

qiqqiq

éù

êú

--

êú

êú

êú

--

êú

=

êú

----

êú

--

êú

êú

êú

--

êú

ëû

_1324302545.unknown

_1324303570.unknown

_1324303754.unknown

_1324471165.unknown

_1327314148.unknown

_1327418946.unknown

_1327418945.unknown

_1324471284.unknown

_1324303765.unknown

_1324303771.unknown

_1324303760.unknown

_1324303653.unknown

_1324303734.unknown

_1324303581.unknown

_1324303498.unknown

_1324303547.unknown

_1324303563.unknown

_1324303524.unknown

_1324302746.unknown

_1324302813.unknown

_1324302822.unknown

_1324302781.unknown

_1324302787.unknown

_1324302629.unknown

_1324302738.unknown

_1324302607.unknown

_1324302354.unknown

_1324302432.unknown

_1324302502.unknown

_1324302519.unknown

_1324302494.unknown

_1324302366.unknown

_1324302373.unknown

_1324302361.unknown

_1324302263.unknown

_1324302287.unknown

_1324302327.unknown

_1324302275.unknown

_1294324439.unknown

_1298725320.vsd
7


6


5


4


5


4


7


6


even-numbered slots


odd-numbered slots


Rel-8 Port 0


4


5


6


7


Rel-8 Port 1


Rel-8 Port 2


Rel-8 Port 3


Rel-10 port 4


Rel-10 port 5


Rel-10 port 6


Rel-10 port 7



_1307259740.unknown

_1307259770.unknown

_1307259735.unknown

_1295250279.unknown

_1295250320.unknown

_1295250344.unknown

_1295250309.unknown

_1294324481.unknown

_1295250272.unknown

_1279006490.unknown

_1294223883.unknown

_1294323505.unknown

_1294222596.unknown

_1278882885.unknown

_1278916906.unknown

_1243675669.unknown

