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CQI Signaling with Unequal Error Protection for OFDMA
1. Introduction

This document describes a method of CQI feedback enhancement for the IEEE 802.16e
OFDMA specifications, and proposes a text for IEEE P802.16e/D4 as an optional fast DL
measurement feedback.

In the 16-REVd/D5 document, a 4-bit CQI payload is used for fast DL measurement
feedback in order to inform a base station of the measured DL SNR. Since the CQI message
does not include CRC for error checking, we need more accurate CQI transmission method
to improve the system capability. Moreover, the decoding accuracy of MSBs in CQI payload
is more important than that of LSBs, because the error induced in the MSBs causes a large
difference between the measured SNR at the MSS and the decoded SNR at the base station.
Therefore, it is necessary to introduce an unequal error protection (UEP) method to the CQI
signaling. This document proposes a simple and efficient method for the UEP CQI signaling.

2. CQI Signaling with UEP

The characteristics of the proposed method can be summarized by:

* Bit repetition in order to realize the unequal bit energy allocation,
* Bit interleaving in order to obtain frequency diversity,

* Binary DPSK modulation for non-coherent detection.

Figure 1 illustrates the proposed CQI signaling method. IEEE802.16d document
defines a FAST FEEDBACK channel composed of N (=6) tiles and L (=4x3 or 3x3)
subcarriers in each tile. In such a FAST_FEEDBACK channel, the SS transmits the CQI
according to the following procedure.

1. Repeat each CQI payload bit according to a repetition ratio, Ro:R1:R2:R3, where Ro, R1, R,
and Rs represent the repetition number for the MSB, the second MSB, ..., and the LSB,
respectively.

2. Interleave the repeated bit sequence by,

e

where y bit index in the interleaved bit sequence (y=0,1,2,...,R-1)
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X bit index in the repeated bit sequence (x=0,1,2,...,R-1)

R length of the repeated (interleaved) bit sequence, R=N(L-1)
3. Divide the interleaved bit sequence into N groups, each of which has (L-1) bits.

4. Make L DPSK symbols from (L-1) bits for each group, and map them to each tile.

Payload bit sequence (4 bits)

MSB LSB
Bit
repetition

Repeated bit sequence (R bits)

N S O I R I 1

Ro bits R1 bits R> bits R3 bits

ﬂ Bit interleaving

Interleaved bit sequence (R bItS)

L-1 bits L-1 bits L-1 bits L-1 bits L-1 bits L-1 bits

l l l l l l DPSK
Reference modulation
TR M

symbol e

[ [ [ [ [ [
FAST_FEEDBACK channel (N tiles)

Figure 1: Proposed method for UEP CQI signaling.

In order to approximate a UEP ratio of 4:3:2:1, a repetition ratio of 19:14:10:5 is used for a
FAST_FEEDBACK channel composed by six 3-by-3 tiles (i.e., N=6, L=9). For six 4-by-3 tiles
(i.e., N=6, L=12), a repetition ratio of 26:19:14:7 is used.
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3. Simulation Results

We compared the CQI signaling performance of the following two methods in the 3 by 3
uplink tile structure:

* Current method using non-binary block coding and 8-ary orthogonal QPSK
modulation (in section 8.4.5.4.10 of P802.16-REVd/D5 document)

* Proposed UEP method using bit repetition and binary DPSK modulation
We considered two types of CQI payload; 4-bit CQI and 5-bit CQI.
For the 4-bit CQl,

* Payload bits defined by Equation 103 of P802.16-REVd/D5 document

0 S/N<-2dB
Payload bitsnibble={ n 2n—-4<S/N<2n-2dB ,0<n<15 (2)
15 S/N >26dB

(Ranges from -2 dB to 26 dB with a resolution of 2 dB)
* Block coding defined by Table 294 of P802.16-REVd/D5 document
For the 5-bit CQl,

* Payload bits defined by

0 S/N<-3dB
Payload bitsnibble={ n n-4<S/N<n-3dB ,0<n<3l (3)
31 S/N>27dB

(Ranges from -3 dB to 27 dB with a resolution of 1 dB)
* Block coding defined by the extended Table 294 in Appendix A

For the performance measure, we need another measure besides bit error rate (BER) and
message error rate (MER) of the CQI payload, because we cannot know how much
difference to be in the feedback SNR from the BER and MER. Therefore, we need to observe
the SNR difference between the SNR actually transmitted from the MSS and the SNR
decoded at the BS. For the performance measure, we defined the CQI error (dB) as the SNR
difference, and we collected mean and standard deviation of CQI error (dB), as follows:

* CQIl error (m) = SNR indicated by the m-th transmitted CQI at the MSS - SNR
indicated by the m-th decoded CQI at the BS (dB) (4)
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M
* Mean of CQl error = » CQl error (m)/ M (5)

m=1

M M
+ Standard deviation of CQI error = \/ZCQI error?(m)/M - > CQI error?(m)/ M (6)

m=1 m=1

For the proposed method, the following UEP ratios are used:
*  Ro:R1:R2:R3=19:14:10:5 for the 4-bit CQI
. Ro:R1:R2:R3:R4=17:13:8:5:5 for the 5-bit CQI

Figure 2 and Figure 3 shows BER and MER of the two methods on AWGN channel and
ITU-R Pedestrian B channel, respectively. On AWGN channel, the proposed method shows
degradation in the bit error rate and the message error rate performances. However, on
PED-B channel, the proposed method improves the BER performance of the 1st and 2nd
bits due to the UEP capability and frequency diversity, and thus, this leads to improve the
CQI error performance as shown in Figure 5.

Figures 5 to 8 compare the CQI error performance for 4-bit CQI payload, and Figures 9 to
12 compare the performance for 5-bit CQI payload. From the simulation results, we can
summarize in Table 1.

Table 1. SNR gain of the proposed method at a COI error std. of 1 dB.

4-bit CQI 5-bit CQI
Channel type
1 RX ANT 2 RX ANT 1 RX ANT 2 RX ANT
PED-B 1.2dB -0.2dB 1.7dB 0dB
PED-A 0dB -0.8dB 0.3dB -0.7 dB
VEH-A 1dB -0.2dB 1.5dB 0dB
i.i.d Rayleigh 2dB 0.2dB 2.8dB 0.5dB
Summary 0~2dB -0.8~0.2 dB 0.3~2.8dB -0.7-0.5dB

It should also be noted that the complexity of the proposed method is lower than that of
the current method. The proposed method uses simple bit repetition instead of a
nonbinary block coding and binary DPSK modulation instead of 8-ary orthogonal
modulation.
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Figure 6: CQIl error statistics on PED-A channel (4-bit CQI).
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Figure 8: CQI error statistics on i.i.d. Rayleigh fading channel (4-bit CQI).
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Figure 9: CQI error statistics on PED-B channel (5-bit CQI).

PED-A (3 knvh), 2 Rx Ant, 5-bit CQI

— — Avg., Current

,
|
| | | | |
= B Y S
3 o | | | | |
m.mm | | | | |
= - e e T T,
.o | | | |
QTG Q|- _l____L____4
hh| | | |
| | | |
4 _ +\L\\\\\,\\\\\,\\\\F \\\\\\\\\ L
i | | | |
| | | |
| | | |

PED-A (3 knvh), 1 Rx Ant, 5-bit CQI

— — Avg., Current

3
| | | | | | |
| | | | | | |
= e
g | | I | | | |
@
Q 3 | | | | | | |
o S N B N R
o m ] | | i | | | |
s I A R R
9295 L R e N
S 2B
L 0 un | | | | | | |
b _ +_ | | I | | | |
\\\\\\\\\\\\\\\ et
| | |
| |
T
|
|
r
|
|
I

(gp) 10113 10D

7 6 -5 -4 -3

-8

SNR (dB)

SNR (dB)

(b) 2 RX ant

(a) 1 RX ant

Figure 10: CQIl error statistics on PED-A channel (5-bit CQI).



-10 -

IEEE C802.16e-04/116r3

2004-07-08

VEH-A (70 knvh), 2 Rx Ant, 5-bit CQI

VEH-A (70 knvh), 1 Rx Ant, 5-bit CQI

! ! ! ! | | | | |
” ” ” ” I I I I I
L B L L _d____1___
3 o ! @ o] ° | | | | | @
] @ M9 m
29 _ gl ! [ | | | | |
e 858 Lo ~ \mm.T_mw\L\\\\r\\\\r\\\L\\\\F\\\ ~
E 3 9]
52 E QO <] 9] | | | I |
Qo =a | 2
Gecsl slEefe o 0
Ll oo - A [ -
22z O 22T 3T I I | I |
LI 0nwvm ” B LILnnm | | | | I
v T | ! | | |
[ & e Lo _b I e e B &
o I I ] | | | |
e ! < £ | | I I
>
o [o'4
s oz o5 %
c
=z =)
» @ O D
@ >,
I Y — %
< o o] =
1
i N Lo 3
) N—r m
o] —
— _H_v ~ 5} [}
c 2
c £
K ]
e
| - 3]
\\\\\\\ S N (R
| I I I I ! Awn |
I I I I I
T I
& & L ! ! ! ! ¢« P w L
~ © 0 < ™ o~ - o > 0
(gp) 10119 100 c (gp) 1013 10D
o]
(7]
(&)
< Ed
| | | | | | w <
I I I I I I =
| | | | | |
T { o
3 ol | | | | | 1 D - 5 o - ™
= Mt S | | | | | o - 8 3
Ll | @ = Ll ___ [ O ~ c = 8
Eo g m. I I I I | | ¥ o g 88 - N
Oa 3na| | | | | — s o EQ
|
I A N R I Y (Y S o —||°eagea
2 2g gl | [ [ [ I I — @ e —
2 Ihn | | | | | | N — (@4 = 2288
L I [ R A RN A c O 5 % @
LG i T i T i b I & I b \\\\\\\\\\\\\\ o
LI | | | | | | ' T -
o | | | | | g X ﬂ M (|
r i il Ml e A~ it b ST ©x . Tl o
: : I I I I I I ' o - Qo &
| | | | | | | N & & S o
| | | | | [T S \nW > " q
| | | | | | | [ =2 -~ L= .mg
| | | | | | | [ 33 LL ‘S
| | | | | [ = o__o
| | | | | | | Iy %
I I I I I I I I =
I I I | | | v <« v € | _ _ . ___________~Z____ <
. @ \
I I I I | I I Al g |
I I I I I [ |
@
| | | | | | e 4 W0 Q | [t}
. l fo) I
I I | I I I [ 3 |
| | i | | | le | £ |
| | | | | ' | a @ | ©
| | | | | L | | | |
I I | I I [ I | | |
e (e [ . —— | | | ~
D ! ]
| I I I I I I I | | | |
'
I I I I I i I I | | | |
AN, S| | L] el I Ly B 1 | & | | o
9 o © ~ © T} < ™ N — o o © ~ © ) < ~ =

(ap) 10119 10D

(ap) 1019 10D

SNR (dB)

SNR (dB)

(b) 2 RX ant

(a) 1 RX ant

Figure 12: CQI error statistics on i.i.d. Rayleigh channel (5-bit CQI).
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4. Proposed Text Changes

[Insert the following text after section 8.4.5.4.10.3]

8.4.5.4.10.4 Optional fast DL measurement feedback

The optional fast DL measurement feedback provides the payload bits carried by the FAST FEEDBACK
channel with the unequal error protection (UEP) capability. The optional fast DL measurement feedback
repeats each payload bit according to a predefined repetition ratio, asillustrated in Figure xxx. The repeated bit
sequence is interleaved and used for binary DPSK modulation on the sub-carriers for the FAST _FEEDBACK
channel.

Payload bit sequence

MSB LSB
Bit
repetition

Repeated bit sequence (R bits)

MO T = T -1

Ro bits R, bits R> bits R3 bits

ﬂ Bit interleaving

Interleaved bit sequence (R blts)

L-1 bits L-1 bits L-1 bits L-1 bits L-1 bits L-1 bits

l l l l l l DPSK _
Reference modulation
“ER M

symbol L =

[ [ [ [ [ [
FAST_FEEDBACK channel (N tiles)

Figure xxx M apping of the payload bit sequenceto a FAST FEEDBACK channe

When the 4 by 3 uplink tile structure is used (see section 8.4.6.2.1), the number of tilesin achannel, N, is6 and
the number of subcarriersin atile, L, is 12. When the 3 by 3 uplink tile structure is used (see section 8.4.6.5.1),
N=6andL =09.

Each payload bit is repeated according to the predefined UEP ratio Ry:R;:R:Rs, where Ry, Ri, Ry, and R;
represent the repetition number for the 1% payload bit by (MSB), the 2™ payload bit b,, the 3" payload bit b,
and the 4™ payload bit bs (LSB), respectively. In case of the 4-bit CQI payload, a ratio of Ry:Ry:Ry:Rs =
26:19:14:7 is used for the 4 by 3 uplink tile structure, and Ry:R;:Rx:R; = 19:14:10:5 is used for the 3 by 3
uplink tile structure. In case of the 5-bit CQI payload, Ry:Ri:Rx:Rs:R, = 24:18:12:6:6 and Ry:Ri:R:Rs:Ry =
17:13:8:5:5 are used for the 4 by 3 uplink tile structure and the 3 by 3 uplink tile structure, respectively.

-11 -
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The repeated bit sequence is interleaved according to Equation (yyy) before binary DPSK modul ation.

y = (xR/N) mod R + | /N, (yyy)

where vy denotes the bit index in the interleaved bit sequence (y=0, 1, 2, ..., R-1), and x denotes bit index in the
repeated bit sequence (x=0, 1, 2, ..., R-1). The length of the repeated bit sequence is R =Ry+R;+R,+Rs= N(L-
1)=66 for the 4-bit CQI or R =Ry+R;+R,+R;+R,= N(L-1)=48 for the 5-bit CQI

The interleaved bit sequenceis divided into N groups and each group has L-1 bits. The n-th group (n=0, 1, ...N-

1) isused for binary DPSK modulation on the subcarriers in the n-th uplink tile, as shown in Figure xxx. The

first subcarrier in each tile is used as a phase reference. The L-1 bits in the n-th group are mapped to L DPSK

symbols for the n-th tile as follows.

1 if k=0
CR=:C3R, ifk>0andB,=0 . (z22)
-C, ifk>0andB Y, =1

where

Cd' ___mapping symbol of the k-th subcarrier in n-th tile (k=0, 1, ..., L-1),

Bl k-thbit of n-th group in the interleaved bit sequence (k=0, 1, ..., L-2).

[Add a new section 11.8.3.7.6]

11.8.3.7.6 Uplink control channel support

Thisfield indicates the different uplink control channels supported by a WirdessMAN-OFDMA PHY SSfor
uplink transmission. A bit value of 0 indicates “not supported” while 1 indicates “ supported.”

Type | Length | Vaue Scope

XXX 1 Bit #0: FAST _FEEDBACK SBC-REQ (see 6.3.2.3.23)
Bit #1: Enhanced SBC-RSP (see 6.3.2.3.24)
FAST FEEDBACK
Bit #2: UL ACK
Bit #3: Enhanced UL ACK
Bit #4: Optional
FAST_FEEDBACK for the 4-bit

-12 -
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payload

Bit #5: Optional

FAST FEEDBACK for the 5-hit
payload

Bit #6-7: Reserved; shall be set to

Zero

-13 -
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Appendix A Extended Table 294 for 5-bit CQI
n 5-bit payload Fast Feedback vector indices per Tile
0 0b0O0000 0000O00O0
1 0b00001 111111
2 0b00010 222222
3 0b00011 333333
4 0b00100 444444
5 0b00101 555555
6 0b00110 666666
7 0b00111 777777
8 0b01000 012345
9 0b01001 123456
10 0b01010 234567
11 0b01011 345670
12 0b01100 456701
13 0b01101 567012
14 Ob0O1110 670123
15 0b0O1111 701234
16 0b10000 472516
17 0b10001 503627
18 0b10010 614730
19 0Ob10011 725041
20 0Ob10100 036152
21 0Ob10101 147263
22 Ob10110 250374
23 Ob10111 361405
24 0b11000 460257
25 0Ob11001 571360
26 Ob11010 602471
27 Ob11011 713502
28 Ob11100 024613
29 Ob11101 135724
30 Ob11110 246035
31 Obl1111 357146
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