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Comments on Bit Rearrangement/Constellation Rearrangement 
Isamu Yoshii

Panasonic Corporation
Lei Huang

Panasonic Singapore Laboratories 
1. Introduction
In #58, the following two comments are agreed and the SDD Editor considered that it does not make sense to merge both, and then decided to take cmt 510.
-----------------------------------------------Agreed Text-----------------------------------------------
cmt 510

11.13.2.2 Bit re-arrangement

Bit re-arrangement (BitRe) is supported in 802.16m. Bit re-arrangement includes a bit-level interleaver and an inverter. For each transmitted burst, the BitRe-version is selected by the transmission number of this burst. The specific bit-level interleaver and inverter mechanism is FFS.

cmt 511

11.13.2.2 Constellation re-arrangement

Constellation re-arrangement (Co-Re) is supported in 802.16m. All the QAM symbols in the same HARQ re-transmission use same Co-Re version. The specific selection mechanism is FFS.

---------------------------------------------------------------------------------------------------------------
The description of cmt 510 includes a bit-level interleaver and an inverter across multiple symbols [1]. The scheme which is interleaved across multiple symbols is different from the concept of constellation rearrangement (Co-Re). The Co-Re can be expressed by a bit-level interleaver and an inverter with a QAM symbol, but not across multiple symbols. The scheme across multiple symbols can not get the optimum gain from bit re-arrangement. Especially, in AWGN case, the bit-interleaving across multiple symbols does not bring any gain, but reduce the combining gain by non-optimum bit rearrangement pattern. In case of fading condition, it might bring some diversity gain by a bit interleaver, but its diversity gain can also be brought by a normal symbol interleaver. 
2. LLS Comparisons
 Figure 1 and Figure 2 show the performace comparisons between “the normal CoRe scheme[2]” and “the scheme of bit-level interleaving and inversion across multiple symbols[1]” in case of AWGN channel and fading channel, respectively. The detail of simulation parameter is shown at Table 1. (In Fig. 1, CoRe does not have any channel interleaver. In Fig.2, CoRe(with SymIL) uses a symbol interleaver as a channel interleaver.)
From Figures 1 and Figure 2, we can observe that “the normal Co-Re scheme” outperforms “the scheme of bit interleaving and inversion across multiple symbols” in case of AWGN channel. Furthermore, “the normal Co-Re with a symbol interleaver” outperforms “the scheme of bit-level interleaving and inversion across multiple symbols” in case of fading channel. (All interleaver pattern for bit and symbol is random and inversion pattern is also random.)
Table 1 :  Simulation parameter

[image: image1.emf]Parameter Vaule

Carrier frequency 2.5GHz

Transmission BW 10MHz

Modulation 16QAM

Channel Coding CTC

Coding Rate R=1/2

Nep 480

Sub-block Interleaver 16e sub-block interleaver pattern

Channel environments AWGN(Fig.1) , TU6Path (Fig.2)

Channel estimation Ideal

Antenna configuration Tx:1, Rx:1

HARQ Chase Combining

Bit interleaver[1]  (Fig1,2) Random pattern

Bit inverter[1]  (Fig. 1,2) Random pattern

Symbol interlever for CoRe (Fig.2) Random pattern


[image: image2.emf]CTC,  Nep = 480, 16QAM, R=1/2, AWGN

1.0E-2

1.0E-1

1.0E+0

-6 -4 -2 0 2 4 6

Eb/N0 [dB]

BLER

CoRe 1TX

CoRe 2TX

CoRe 3TX

CoRe 4TX

IL across QAM  1TX

IL across QAM  2TX

IL across QAM  3TX

IL across QAM  4TX

CC  1TX

CC  2TX

CC  3TX

CC  4TX


Figure 1  Performance comparison (AWGN)
[image: image3.emf]CTC, Nep = 480bits, 16QAM, R=1/2, TU 6Path, 30km/h
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Figure 2 Performance Comparison (TU 6path)
3. Conclusion 
   In this contribution, it has been shown that “the normal Co-Re scheme”, i.e., a bit-level interleaver and an inverter within a QAM symbol, outperforms “the scheme of bit-level interleaving and inversion across multiple QAM symbols”. 
---------------------------- Begin Proposed Text -------------------------------------------------------------------------
11.13.2.2 Constellation re-arrangement

Constellation re-arrangement (Co-Re) is supported in 802.16m. Constellation re-arrangement can be expressed by a bit-level interleaver and an inverter within a QAM symbol.  All the QAM symbols in the same subpacket use same Co-Re version. The specific selection mechanism is FFS.
---------------------------End of Text Proposal ---------------------------------------------------------------------------
* "Subpacket" is the packet after concatenation/collection of encoded FEC block.
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