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Performance Analysis of A Hybrid Codebook for LTE
Downlink Relay Systems
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Abstract

In this paper, we propose a novel hybrid codebook design method which combines DFT matrix based codebook
for Rayleigh fading and LOS codebook for direct path. Link-level performances employing hybrid codebook outperform
the ones employing the conventional codebooks when K-factor of Rician distribution is 0.28 to 0.99. Moreover hybrid
codebook shows good performances over not only Rayleigh channel but also high K's Rician channels.
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Fig. 1. Relay channel model.
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Fig. 2. Wavefront impinging across MIMO array.
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LTE 3}3F

C_DFT : DFT codebook
DFTli] : hybrid codebook Well DFT codebook %
(i : codebook 17} Ly, WHEE] WA 7H5 codebook )
LDFT . DFTi] 9 Zo]
C los : LOS codebook
s : hybrid codebook Hjoll LOS codebook
hybli] i) hybrid codebook 7 ¥}
hyb : Last hybrid codebook
case : C_ DFTZHRH 9/ FEHEE MeT 7599 ¢

Step 1. Set DFT codebook length
while 1
for i = 1: Lppp
{if length( DE'T[i]) < length(C_DFT)
{x, = compare performance( DF’ Tli],C_DFT),
{if =, > thresholdyaue
{break;}}}

Step 2. Set LOS codebook length
while 1
{if length(los) < length(C los)
{ax; = compare performance(los,C'_los);
{if x; > thresholdyane
{break;} }}

Step 3. Remove same codeword
for iter0 = 1:length( DF'Ti])
{for iter] = l:length(los)
{if DFTYi](iter0) = los(iter])
{ent = cnt+l;
delete( DET[i ] (iter0));}} }
length( DF'T[i]) = length( DF'T[i]) + cnt;

Step 4. Combine DFT and LOS codebook
for ¢ = 1. case
{hybli]= [DFT1i]; los])

Step 5. Calculate chordal distance
for iter2 = I:length(hybli])
{for iter3 = 1:hyb[k] —
{for iter4 = iter+1: hyb[k]
{entl = cntl+1;
chordal_dist[ent1] = sqrt(1 —abs(hyb [k] (iter3)
* hyb[k] erd)2);1}
min_dist(iter2) = min(chordal dist);}
[hyb_max, hyb_index] = max(min_dist);
hyb = hyblk](hyb_index);

A7) A" N 2E stolHeE FIER A5 4

1. AQtehs stolBYE IS
Table 1. Proposed hybrid codebook.

Index Port 1 Port 2 Port 3 Port 4
0 0.5000 0.5000 0.5000 0.5000
! 0.3830 0.0868 0.3830 —0.2500

+0.32141 | +0.4924i | —0.3214i | —0.4330i
) 0.0868 —0.4698 0.0868 —0.2500
+0.4924i | +0.17101 | —0.4924i | +0.4330i
3 | 02500 | —02500 | —02500 | 05000
+0.43301 | —0.4330i | —0.4330i | —0.0000i
s —0.4698 0.3830 —0.4698 | —0.2500
+0.17101 | —0.32141 | —0.1710i | —0.4330i
5 —0.4698 0.3830 —0.4698 | —0.2500
—0.17101 | +0.3214i | +0.1710i | +0.4330i
6 —0.2500 | —0.2500 | —0.2500 0.5000
—0.4330i | +0.43301 +0.43301 —0.00001
7 0.0868 —0.4698 0.0868 —0.2500
—0.4924i | —0.17101 | +0.49241 —0.43301
8 0.3830 0.0868 0.3830 —0.2500
—0.3214i | —0.4924i | +0.32141 +0.43301
0.3536 0.0000 —0.3536
O 00003536 | +0.5000i | 4035360
0.0000 —0.5000 —0.0000
10 0.5000 +0.5000i | +0.0000i | —0.5000i
—0.3536 —0.0000 0.3536
H 0.5000 +0.3536i | —0.5000i | +0.3536i
—0.5000 0.5000 —0.5000
12 0.5000 +0.0000i | —0.0000i | +0.0000i
—0.3536 0.0000 0.3536
13 0.5000 —0.3536i | +0.5000i | —0.3536i
—0.0000 | —0.5000 0.0000
14 0.5000 —0.5000i | +0.00001 +0.50001
0.3536 —0.0000 | —0.3536
13 0.3000 —0.35361 | —0.50001 | —0.35361

W= argmax { min p(Wle)}

28 3. solug= HER A4
Fig. 3. Design method of the hybrid codebook.
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Table 2. Simulation parameters.

Parameters Values
Modulation / Demodulation 16-QAM
FFT / IFFT size 512
Cyclic prefix configuration Nomal
Number of transmit antenna 4
Number of receive antenna 1, 2,4
Rank 1
Channel bandwidth [MHz] 5
Sampling time [ns] 130
Rician K-factor 0, 4,8
Channel model ITU-R(Pedestrian A)
Number of multi-path 3
Relative delay [ns] 0, 110, 190
Average pawer [dB] 0, —9.7, —19.21
Feedback bits 4
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