IEEE 802.16m %2 . % 1 3" B i B,

RIS CES R L R

A Study on Precoding and Equalization for the
Spatial Multiplexing Mode of IEEE 802.16m
Closed-Loop MIMO

T e 2 . h =

—_—

S R L

fE AR - OO0 & =






IEEE 802.16m % & % 1 3% B i B
R AL )
A Study on Precoding and Equalization for the
Spatial Multiplexing Mode of IEEE 802.16m

Closed-Loop MIMO

Moyodr ik Student: Chun-Yen Ko

R s F L Advisor:Dr. David W. Lin

A Thesis
Submitted to Department of Electronics Engineering & Institute of Electronics
College of Electrical and Computer Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Electronics Engineering
July 2011
Hsinchu, Taiwan, Republic of China

£ F{- O0# = !






IEEE 802.16m % ¥ % 1 558 5P i g,
% j »@ﬁ]* FFhBaiirtEy

PrAwas PR e SR S

Bxafk o

AR &4 IEEE 802.16m 3 B 5 1 - “F}gi&&%ﬂﬁ]ﬂz » @ii%]i
FRBEZTCFT AR meHFEFAEEL S F o5 - fhs 8 F(ZF)
ECBo B AP IF e pAl Bl - BEAFEDECE BT
uﬁ%ﬁﬁlﬁ,@{@géﬁﬁmﬁ%ox:ﬁé&+ﬁ%£
(MMSE) % i+ B> § /[ 353 £ % BH 2

*
P L Lol B ARRFRE R R PRI LT §i



oAb REAF TSGR BLEORE 2§ AL - BRI T
AP B E g R A e ST A PR R TR SE £
YRR LFOFHBHRTE  APRIAFEZIPFEGE DS

- AR BRI A2 AP ATy RSB 2 ES
HME]IE? Lo FH 2 B HRAATE R ARG B % D
TE Sk 0 3o B 2 RUE AR R R BT S BB > N
Bl & Wl o AP FTTER AR R B - A A

7 -~

FREA AP R PRAA R AR
Beehd 2~ fh B R EGET SR A g B TR I Sk

Fis BORREH B0 B B IE By B o R 8 S B G IR At
FEoAMEQ Y KR KE B fE o AP L G de A

T A PR R

._,\\

5t |EEE802.16m 451 © ¥ j f5 4r

EhRwme P oAy L A IEEE802.16m iR ] o F o

AR B L BT A LA AE 1 B AE R R



A Study on Precoding and Equalization for the
Spatial Multiplexing Mode of IEEE 802.16m
Closed-Loop MIMO

Student: Chun-Yen Ko Advisor:.Dr. David W. Lin

Department of Electronics Engineering
& Institute of Electronics

National Chiao Tung University

Abstract

MIMO channels arising from the use of multiple antennas at both the
transmitter and at the receiver have recently attracted significant interest
because they provide a significant increase in capacity and reliability over
single-input single-output (SISO) channels under some uncorrelation
conditions.

We focus on Precoding and Equalization for the Spatial Multiplexing
Mode of IEEE 802.16m Closed-Loop MIMO. We present two equalizer
methods. One is Zero-forcing equalizer. It is an inverse filter in frequency



domain. This is the easiest equalizer. It can remove the ISI, but it will
increase the noise. The other method is MMSE equalizer. This method is
designed to minimize the mean square error of the receive signal and the
transmit signal. It can not remove all of the ISI, but it will not increase the
noise.

A problem associated with precoding is that the channel state
information must be known at transmitter. This may be difficult since the
bandwidth of the feedback channel is wusually limited. Thus, a
codebook-based limited feedback precoding scheme is generally used.
The main idea is to quantize the precoding matrix and feedback the index
of the optimum precoder. We based on these two equalizers to design the
selection method to select the best precoder. We proposed MMSE-Based
and MaxminSNR-Based method. MMSE-Based method finds the
precoder has the minimum mean -square error. MaxminSNR-Based
method finds the precoader that maximizes the minimum SNR of the two
antennas. This method has to calculate-each precoder’s antenna SNR.
Then, we select the appropriate one to transmit back.-We will compare
with the following two methods. First is SVD-Based method. We take the
singular value decomposition (SVD) of the channel matrix. The right
singular vector_of the channel matrix is the hest ZF equalizer. We
calculate all the chordal distance of the possible precoder and the best ZF
equalizer. Then, -we transmit the precoder. Second. is the optimum
precoder computation. We use water-filling method to get the solution.
We verify our simulation.model on AWGN-channel and then do the
simulation on singlepath and multipath-channels for IEEE 802.16m.

In this thesis, we first introduce the 'standard of the IEEE 802.16m.
Then we describe the precoding and equalization methods we use and
discuss the performance in each transmission condition for IEEE
802.16m.
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Chapter 1

Introduction

1.1 Scope of the Work

Orthogonal frequency division multiple access (OFDMA) has emerged as one of the prime
multiple access schemes for broadband wireless networks. Seme major examples are IEEE
802.16 Mobile WiMAX, IEEE 802.20-and 3GPP _LTE. As a special case of multicarrier
multiple access schemes; OFDMA exclusively assigns-@ach subchannel to only one user,
eliminating intra-cell interference [12]. In frequency selective channels, an intrinsic advantage
of OFDMA is its capability to exploit the so-called multiuser diversity provided by multipath
channels. Other advantages of OFDMA include finer granularity and better link budget [12].
OFDMA can be easily generated using an inverse fast Fourier transform (IFFT) and received

using a fast Fourier transform (FET).

The IEEE 802.16 standard committee has developed a group of standards for wireless
metropolitan area networks (MANs). OFDMA is used in the 2 to 11 GHz systems. The
IEEE Standard 802.16-2004 was for broadband wireless access systems that provide a variety
of wireless access services to fixed outdoor and indoor users. The 802.16e was designed to
support terminal mobility with a speed up to 120 km/h [15]. The last two standards have
now been combined in IEEE 802.16-2009.



In response to International Telecommunication Union Radiocommunication Section (ITU-
R)’s plan for the fourth-generation mobile communication standard IMT-Advanced, the
IEEE 802.16 standards group has set up the 802.16m (i.e., Advanced WiMAX) task group.
The new frame structure developed by IEEE 802.16m can be compatible with IEEE 802.16e,
reduce communication latency, support relay, and coexist with other radio access techniques
(in particular, LTE). In the IEEE 802.16m working group, the high-level system description
and evaluation methodology are captured in [9]. MIMO technologies again play an essential
role in achieving the ambitious target set, which requires the 802.16m system to deliver twice
the performance gain over a baseline 802.16e system in various measures, including sector
throughput, average user throughput, and peak data rate, as well as cell-edge performance.
Several new MIMO ingredients are-proposed.  Noticeable.ones are transformed codebook
for beamforming feedback, differential beamforming feedback, open-loop multiuser MIMO,
and collaborative multicellMIMO [13}.-We study the MIMO architecture and signal pro-
cessing technology for 802:16m. In particular, we considersthe zero=forcing (ZF) equalizer
and minimum mean-square error (MMSE) equalizer approach wherein we employ the tech-
nique proposed in [2]. We'follow [2] to introduce the ZF and MMSE equalizer with channel

feedback selection problem.

This thesis focuses on the precoding and equalization for the spatial multiplexing mode
of IEEE 802.16m closed-loop (CL) multi-input multi-eutput (MIMO) systems. A problem
associated with precoding is that the channel state information must be known at the trans-
mitter. This may be difficult since the bandwidth of the feedback channel is usually limited.
Thus, a codebook-based limited feedback precoding scheme is generally used. The main idea
is to quantize the precoding matrix and feedback the index of the optimum precoder. We
propose two methods to select the best precoder from a finite set of precoding matrices and

we will compare with two other methods. We simulate the IEEE 802.16m MIMO system



and study the performance of different channel feedback selection methods.

1.2 Organization and Contribution of this Thesis

This thesis is organized as follows.

Chapter 2 introduces the IEEE 802.16m OFDMA.

Chapter 3 introduces the IEEE 802.16m MIMO.

Chapter 4 introduces equalization and closed-loop MIMO technology.

Chapter 5 presents some simulation results.

Chapter 6 gives the conclusion and indicates futurework.

In this thesis, our work can:be summarized asfollowing;:

e Study IEEE 802.16m OFDMA.

e Study IEEE 802.16m MIMO

e Study equalization and closed-loop MIMO

— Study the equalization and feedback technology in the IEEE 802.16m MIMO

systems.
— Analyze the error performance.

— Discuss on the feedback selection method.

Main contribution of this thesis are as follows:

1. Introduce feedback technology for the IEEE 802.16m MIMO systems.



2. Propose two feedback selection schemes for the IEEE 802.16m MIMO systems.

3. Develop an error analysis scheme for the IEEE 802.16m MIMO systems.

4. Compare performance of four different feedback selection methods for the IEEE 802.16m
MIMO systems.




Chapter 2

Introduction to IEEE 802.16m
OFDMA

We first introduce the basic concepts of the OFDMA ‘in'the specification of IEEE 802.16m
and then MIMO techniques for.multicarrier modulation in the specification of IEEE 802.16m.

Much of the material in this chapter-is-taken from [10].

2.1 Basic OFDMA Symbol Structure and Frame Struc-
ture [10]

The Advanced Air Interface (AAI) defined by IEEE 802.16m is designed for nonline-of-sight
(NLOS) operation in the licensed frequency bands below 6.GHz. The AAI supports both
time-division duplexing (TDD) and frequeney=division duplexing (FDD) operation, allowing
also half-FDD (H-FDD) operation at mobile stations (MSs). Unless otherwise specified, the

frame structure attributes and baseband processing are common for all duplex modes.

The AAI uses OFDMA as the multiple access scheme in the downlink and the uplink.

The material of this section is taken from [10].



2.1.1 OFDMA Basic Terms

We introduce some basic terms in the OFDMA physical layer (PHY) of IEEE 802.16m. They
help us understand the concepts of subcarrier allocation and transmission in IEEE 802.16m

OFDMA.

e Physical and logical resource units: A physical resource unit (PRU) is the basic physical
unit for resource allocation. It comprises Ps.(= 18) consecutive subcarriers by Ny,
consecutive OFDMA symbols, Ny, = 6 for type-1 subframes, N, = 7 for type-2
subframes, and Ny, = 5 for type-3 subframes. Table 1.1 summarizes the PRUs sizes
for different subframe types. A logical resource unit (LRU) is the basic logical unit for
distributed and localized resource allocations.. An LRU contains P;. - N, subcarriers
for the three types of subframes: The LRU includes the pilots that are used in a PRU.
The effective numbertof subcarriers-in an LRU depends on the number of allocated

pilots.

e Contiguous resource-unit: The localized resource unit, also knewn as contiguous re-
source unit (CRU)scontains a group of Subcarriers which are contiguous across the
localized resource allocations. The size of CRU equals the size of PRU, i.e., P,. sub-

carriers by Ngy,, OFDMA symbols.

e Distributed resource unit: A distributed resouree unit (DRU) contains a group of sub-
carriers which are spread across the distributed resource allocations within a frequency

partition. The size of DRU also equals the size of PRU.

2.1.2 Frequency Domain Description

An OFDMA symbol is made up of subcarriers, the number of which determines the discrete

Fourier transform (DFT) size used. There are several subcarrier types:
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Table 2.1: PRU Structures for Different Types of Subframe

Subframe Type | Number of Subcarriers | Number of Symbols
Type-1 18 6
Type-2 18 7
Type-3 18 5

e Data subcarriers: used for data transmission.
e Pilot subcarriers: used for various estimation purposes.

e Null subcarriers: no transmission at all, used for guard bands and DC subcarrier.

The purpose of the guard bands is to help enable proper bandlimiting.

2.1.3 Primitive Parameters

Four primitive parametersieharacterize-the OFDMA symbols:

e BIV: the nominal channel bandwidth.
® Nyseq: number of used subcarriers (which includes the DC subcarrier).

e n: sampling factor. This parameter, in conjunction with' BW" and N,.q, determines
the subcarrier spacing and the useful symbol time. This value is given in Figs. 2.1 and

2.2 for each nominal bandwidth.

e G: This is the ratio of CP time to “useful” time, i.e., T,,/7Ts. The following values
shall be supported: 1/16, 1/8, and 1/4.

2.1.4 Derived Parameters

The following parameters are defined in terms of the primitive parameters.



o Nppp: smallest power of two greater than Nys.q.

Sampling frequency: F, = |n - BW/8000] x 8000.

Subcarrier spacing: Af = Fy/Nppr.

Useful symbol time: T, = 1/Af.

CP time: T, = G x T,

OFDMA symbol time: T, =T}, + T,.

Sampling time: Ty,/Nppr.

2.1.5 Frame Structure

The AAI basic frame structure is illustrated in Fig. 2.3. Each 20 ms superframe is divided
into four 5-ms radio frames.” When using the same OFDMA parameters as in Figs. 2.1
and 2.2 with channel bandwidth of 5, 10, or 20 MHz, each 5-ms radio frame further consists
of eight subframes for G = 1/8 and 1/16. With channel bandwidth of 8.75 or 7 MHz, each
5-ms radio frame further ‘consists of seven and six subframes, respectively, for G = 1/8 and
1/16. In the case of G = 1/4, the number of subframes per frame. is one less than that of
other CP lengths for each bandwidth case. A subframe shall be assigned for either downlink

(DL) or uplink (UL) transmission. There are four types of subframes:

e Type-1 subframe consists of six OFDMA symbols.
e Type-2 subframe consists of seven OFDMA symbols.

e Type-3 subframe consists of five OFDMA symbols.



The nominal channel bandwidth, 8.75
BW(MHz)

Samplingfactor, n 28/25 8/7 28/25
Samplingfrequency, F(MHz) 5.6 8 10 11.2
FFT size, Nger 512 1024 1024 1024
Subcarrier spacing, Af(kHz) 10.94 781 9.77 10.94
Useful symbol time, T,(us) 91.4 128 1024 914
OFDMA symbol time, T,(us) 102.857 144 115.2 102.857
Number of OFDMA 43 48

CP ratio,
G=1/8

CP ratio,
G=1/16
TDD symbols per 5n

frames

TTG+RTG(ps) 212.8 142.853

Figure 2.1: OFDMA parameters (from [10, Table 775]).

28/25
22.4
2048
10.94
91.4

102.857
48

62.857
47

165.714
97.143
51

45.71
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OFDMA symbol time, T,(us) 114.286 160 128 114.286 114.286

Number of OFDMA 43 31 39 43 43
FDD symbolsper 5ms
frames
CP ratio, Idle time(us) 85.694 40 8 85.694 85.694
G=1/4 Number of OFDMA 42 30 38 42 42
TDD symbols per 5ms
frames
TTG+RTG(ps) 199.98 200 136 199.98 199.98
Number of Left 40 80 80 80 160
Guard Right 39 79 79 79 159
Subcarriers
Number of Used Subcarriers 433 865 865 865 1729
Number of Physical Resource Unit(18x6) 24 48 48 48 96

in a type-1 subframe

Figure 2.2: More OF DMA-parameters-(from [10, Table 775]).

Supefframe: 20ms
. SU0 suU1 sSu2 1 Su3
-~ >
ey Frame. 5ms b
- - S
l Superframe Header
' FO F1 F2 F3
- S
- Subframe S~
- —
‘ -~ N 2 4 ~
|5|=o[sn=1[sr=2 SF3|sF4 sss]sm SF?J
/ \Y
/ \

Wi W|w|n
O = | | b ON
—»

OFDMA symbol: 102.857pus

Figure 2.3: Basic frame structure for 5, 10 and 20 MHz channel bandwidths (Fig.466 in [10]).
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e Type-4 subframe consists of nine OFDMA symbols. This type shall be applied only to
UL subframe for the 8.75 MHz channel bandwidth when supporting the WirelessM AN-
OFDMA frames.

The basic frame structure is applied to FDD and TDD duplexing schemes, including
H-FDD MS operation. The number of switching points in each radio frame in TDD systems
shall be two, where a switching point is defined as a change of directionality, i.e., from DL

to UL or from UL to DL.

A data burst shall occupy either one subframe (i.e., the default transmission time interval
[TTT] transmission) or contiguous multiple subframes (i.e., the long TTI transmission). The
long TTT in FDD shall be 4 subframes for both-DL _and UL. The long TTT in TDD shall
be the whole DL (UL) subframes for DL (UL) in a frame. Every superframe shall contain
a superframe header (SFH). The SFH-shall be located in the first DL subframe of the

superframe and shall include broadeast-channéls.

2.2 Downlink Transmission in IEEE 802.16m OFDMA [10]

Again this section is mainly taken from [10]. Each- DL subframe is divided into 4 or fewer
frequency partitions; each partition consists of a set of PRUS agross the total number of
OFDMA symbols available in the subframe. Each-frequency partition can include contiguous
(localized) and/or non-contiguous (distributed) PRUs. Each frequency partition can be used
for different purposes such as fractional frequency reuse (FFR) or multicast and broadcast
services (MBS). Fig. 2.4 illustrates the downlink physical structure in an example of two

frequency partitions with frequency partition 2 including both CRUs and DRUs.

11



Entire
subframe

Multi cell

Frequency
partition 1

Frequency
partition 2

Distributed Contiguous

b Cell-specific

Figure 2.4: Example of downlink physical structure (Fig.485 in [10]).

2.2.1 Subband Partitioning

The PRUs are first subdivided into subbands and minibands where a subband comprises
N; adjacent PRUs and a miniband comprises Ny adjacent PRUs, where Ny = 4 and Ny =
1. Subbands are suitable for frequency selective allocations as they provide a contiguous
allocation of PRUs in frequeney. Minibands are suitable for frequency diverse allocation and

are permuted in frequency.

The number of subbands reserved is denoted by Ksp. The number of PRUs allocated to
subbands is denoted by Lgg, where Lgsgp = N; - Kgp, depending on system bandwidth. A 5,
4 or 3 bit field called Downlink Subband Allocation Count (DSAC') determines the value of
Kgp depending on FFT size. The DSAC is transmitted in the SFH. The remaining PRUs
are allocated to minibands. The number of minibands in an allocation is denoted by K/p.

The number of PRUs allocated to minibands is denoted by Ljsg, where Ly g = Ny - Kyp.
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The total number of PRUs is denoted as Npry where Npry = Lgg + Lyp. The maximum

number of subbands that can be formed is denoted as N, where Ny = | Npgy/Ni|.

Figs. 2.5 and 2.7 show the mapping between SAC and Kgp for FFT sizes 2048, 1024, and
512, respectively. For system bandwidths in the range of (10, 20]MHz, the mapping between
DSAC and Kgp is based on Fig 2.5, and the maximum valid value of Kgp is Npgy/4 — 3.
For system bandwidths in the range of [5, 10]MHz, the mapping between DSAC and Kgp

is based on Fig 2.6, and the maximum valid value of Kgsp is Npgy/4 — 2.

The subband PRUs and miniband PRUs are denoted PRUgsp and PRU,,g, respectively.
The set of PRUgp is numbered from 0 to Lgg — 1, and the set of PRU),;g is numbered from

0 to Ly;p — 1. The mapping of PRUs to PRUgsp is

PRUSB[J] :PRU[Z]> j:()alavLSB_la (21)
where
- Nsub ] J GCD(NS“b’ [%;zg ) .
=M (Tt T N + Yy (2)

with GC'D(z,y) being the greatest common divisor of z and y. And the mapping of PRUs
to PRU,p is defined as

PRUy skl = PRU[], k=01, Liyp— 1, (2.3)
where
GOD(Nyyp, [ Nsub )
| T ) ) TR ) mod
L= +(k) mod Ny, Ksp > 0, (2:4)
k, Ksp = 0.

Fig 2.8 illustrates the PRU to PRUgp and P RU,;g mapping for a 10MHz bandwidth system
with KSB =1.
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# of subbands # of subbands
aIIocated(KSB) aIIocated(KSB)

0

1 1 17 17
2 2 18 18
3 3 19 19
4 4 20 20
5 5 21 21
6 6 22 NA.
7 7 23 NA.
8 8 24 NA.
9 9 25 NA.
10 10 26 NA.
11 11 NA.
12 “a)‘rMH!!&l : NA.
Ve mEme e -
s f EHNRN & -

Figure 2.5: Mapping between SAC and Kgp for FFT size 2048 (from [10, Table 783]).

#of subbands #of subbands
allocated (Ksg) allocated (KSB)

0 “\ INA | 1 OO By Ny

1 "R /N 9
2 N _ AN 10
3 rnm A NA.
4 4 T NA
5 5 13 NA.
6 6 14 NA.
7 7 15 NA.

Figure 2.6: Mapping between SAC and Kgp for FFT size 1024 (from [10, Table 784]).
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SAC # of subbands SAC # of subbands
allocated (Ks;g) allocated (Ks;g)
0 4

0 4

1 1 5 NA.
2 2 6 NA.
3 3 7 NA.

Figure 2.7: Mapping between SAC and Kgp for FFT size 512 (from [10, Table 785]).

U 000G OLO00UNIROULNUN

j§
|
|
z
%
1
/

RUNSNOUHO0ONO-O

Figure 2.8: PRU to PRUgp and' PRU,; 5 mapping for BW = 10 MHz, and Kgsp=T.

2.2.2 Miniband Permutation

The miniband permutation maps the PRU ) ps to Permuted PRUy s (PP RUy;pS) to ensure
that frequency diverse PRUs are allocated to each frequency partition. Fig. 2.8 together with

Fig 2.19 shows an example. The following equation provides a mapping from PRUyg to
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PPRUMBZ

PPRUyslj] = PRUyslI, j=0,1,.. Ly — 1, (2.5)
where
i=(a(j) mod D)-P+ 17} (2.6
P = min(K g, N1/N>), (2.7)
(j) = max(j — (Kys mod P)- D),0), 23)
i) =i+ o), (2.9)
D= {Kj‘,fB +1]. (2.10)

2.2.3 Frequency Partitioning

The PRUsp and PPRU,;p are allocated-to one or more frequency partitions. By default,
only one partition is present. The maximum number of frequency partitions is 4. The
frequency partition configuration is transmitted in the SFH in a 4 or 3 bit called the Downlink
Frequency Partition Configuration (DFPC) depending on FFT size. Frequency Partition
Count (FPCT) defines themumber of frequency partitions. Frequency Partition Size (F'PS;)
defines the number of PRUs allocated to FP;. FPCT and F P.S; are determined from FPC
as shown in Figs.2.10 to 2.12. A 3,2, or 1-bit parameter called the Downlink Frequency
Partition Subband Count (DFPSC) defines the number of subbands allocated to F'P;, i > 0.
Fig. 2.13 continues the examples in Fig. 2.8 and 2.9 and shows how PRUgsg and PPRUyp

can be mapped to frequency partitions.

The number of subbands in ith frequency partition is denoted by Kgp pp,. The number
of minibands is denoted by Kju/p rp,, which is determined by F'PS; and DFPSC fields.
When DFPC = 0, DFPSC must be equal to 0. The number of subband PRUs in each

frequency partition is denoted by Lgsp ppi, which is given by Lsp pp, = N1 - Ksp ppi- The
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Figure 2.9: Mapping from PRUs to PRUgg and PPRU;g for BW = 10 MHz and Kgg =
7.

number of miniband PRUs in each frequency partition is denoted by Ljsp rp;, which is given

by Lug,rp, = Na - Kyp ppi- The number of subbands for each frequency partition is given
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0 1:0:0:0
0:1:1:1 3 0 FPSl=NPRU-Z*roor(NPRU/3)
FPS,=floor(Npg,/3)
FPS;=floor(Npgy/3)

DFPC Freq. FPCT FPS(i>0)
Partitionong(FPy:FP,:FP,:FP;)
PRU

2 1:1:1:1 4 Npgry-3*floor(Npg/4) floor(Npgy/4)

3 3:1:1:1 4 Npry-3*floor(Npg,/6) floor(Npgy/6)

4 5:1:1:1 4 Npgry-3*floor(Npg,/8) floor(Npgy/8)

5 9:1:1:1 4 Nppy-3*floor(Npa,/12) floor(Npay/12)

6 9:5:5:5 4 Npgy-3*floor(Nps,*5/24) floor(N pg,*5/24)

7 0:1:1:0 2 0 Npgu/2 fori=1, 2
0 fori=3

8 1:1:1:0 3 Npgy -2*floor(Npgy/3) floor(Npgy/3) for i=1, 2
0 fori=3

9-15 Reserved

Figure 2.10: Mapping between DFPC and frequency partitioning for FFT size 2048 (from
[10, Table 786]).

i Ly panad FPS,(i>0)
Partitionong(FP0 FP;:FP,:FP3)

105030 ‘-VI" 01
-2*f|oor(NPRU/3)

a\ / =floor(Npru/3)

s=floor(Npgy/3)

a 1 896
PRU

roor(NpRU/4)

3:1:1:1 ¢, n& Nppy-3*f " floor(Npg,/6)

4 5:1:1:1 floor(Npg/8)
9:5:5:5 4 Npry-3*floor(Npg*5/24) floor(Npp,*5/24)
1:1:0 2 0 Npgo/2 for i=1, 2
0fori=3
7 1:1:1:0 3 Npru-2*floor(Nppu/3) floor(Npgy/3) for i=1, 2
0fori=3

Figure 2.11: Mapping between DFPC and frequency partitioning for FFT size 1024 (from
[10, Table 787]).
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FPC Freq. FPCT FPS{(i>0)
Partitionong(FP:FP4:FP,:FP;)

0 1 Npry 0
1 0:1:1:1 3 0 Npry/3
2 1:1:1:1 4 Npgu/4 Npru/4
1:1:1 4 Npgy/6 Npgy/6
4 9:5:5:5 4 Nppy*3/8 Npay*5/24
1:1:0 2 0 Npgy/2 for i=1, 2
0fori=3
6 1:1:1:0 3 Npru/3 Npgy/3 for i=1, 2
0fori=3
7 Reserved

Figure 2.12: Mapping between DFPC and frequency partitioning for FFT size 512 (from
[10, Table 788]).
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Figure 2.13: Frequency partitioning for BW = 10 MHz, Kgg = 7, FPCT = 4, FPS = 12,
and DFPSC = 2.
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( Ksp — (FPCT —1)- DFPSC, i=0,FPCT = 4,
DFPSC, i>0,FPCT = 4,
DFPSC, i>0,FPSC =3,DFPC =1,
Ksprpi={ Kgp— (FPCT —1)- DFPSC, i=0,FPCT =3 DFPC#1, (2.11)
DFPSC, i=1,2,FPCT = 3,DFPC # 1,
DFPSC, i=1,2, FPCT = 2,
Ksp, i=0,FPCT = 1,

\

where FFPCT = 2 and DFPSC = Kgp/2. The number of minibands for each frequency

partition is given by
KMB,FPZ':(FPSZ'_KSB,FPZ"N1>/N27 0§Z<FPCT (212)

The mapping of subband PRUs and miniband PRUs to the frequency partition is given by

PR = ppthy. Lo <a s e o).
where =
ky = Z Lsprpm+J (2.14)
m=0
and .
ko = Z Lsprpm + 7 — LsB,rpi- (2.15)

m=0

Fig. 2.13 depicts the frequency partitioning for BW = 10MHz, Ksp =7, FPCT =4, FPSy =
FPS; =12, and DFPSC = 2.

2.3 Cell-Specific Resource Mapping [10]

PRUpp;s are mapped to LRUs. All further PRU and subcarrier permutations are constrained

to the PRUs of a frequency partition.
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2.3.1 CRU/DRU Allocation

The partition between CRUs and DRUs is done on a sector-specific basis. Let Lsp_crurp,
and Lyp_cru rp, denote the number of allocated subband CRUs and miniband CRUs for
FP; (i > 0). The number of total allocated subband and miniband CRUs, in units of a
subband (i.e., Ny PRUs), for F'P; (i > 0) is given by the downlink CRU allocation size,
DCAS;. The numbers of subband-based and miniband-based CRUs in F'F, are given by
DCASspo and DCASyp,, in units of a subband and a miniband, respectively. When
DFPC =0, DCAS; must be equal to 0.

For F'F,, the value of DCASgp is explicitly signaled in the SFH as a 5, 4 or 3 bit field
to indicate the number of subbands in unsigned binary ‘format, where DCASsp o < Ksp rp.
A 5, 4 or 3 bit downlink miniband based CRU allocation size (DCASy ) is sent in the
SFH only for partition F'F), depéending on FFT size. The number of subband based CRUs
for F'F, is given by

Lspcru,ppy, = N1 - DCASgpy. (2.16)

The mapping between DCAS) 5, and the number of miniband based CRUs for F'F is shown
in the Figs. 2.14 to 2.16 for FET sizes of 2048; 1024 -and 512, respectively. For those system
bandwidths in range of (10, 20}, the mapping between DC'AS 5 and number of miniband-
based CRUs for F'F, is based on Fig.2.14, and the maximum valid value of Ly p_cru.rp,
is less than |88 - Npgy|/96. For system bandwidths in the range of [5, 10], the mapping
between DCASypo and number of miniband-based CRUs for F'F, is based on Fig. 2.15,

and the maximum valid value of Ly p_crurp, is less than |42 - Npgy | /48.

For FP; (i >0, FPCT > 2) only one value for DC'AS; is explicitly signaled for all i > 0,
in the SFH as a 3, 2 or 1 bit field to signal the same numbers of allocated CRUs for F'P;
(1 >0, FPCT > 2).
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DCASyg,0 Number of miniband DCASys 0 Number of miniband
based CRU for FP, based CRU for FP,

0

1 2 17 32
2 4 18 36
3 6 19 40
4 8 20 44
5 10 21 48
6 12 22 52
7 14 23 56
8 16 24 60
9 18 25 64
10 19 26 68
11 72
2 aw-an. e
13 80
2 AV/._.n-‘ N w
15 24 88

Figure 2.14: Mapping between DC'AS);p9 and number of miniband based CRUs for F'F
for FFT size 2048 (fromy{10, Table 789]).

For FP, (i > 0, FPCT:> 2), the number of subband CRUs (Lgg_¢ry rp,) and miniband

CRUSs (Lyp—crurp,) are derived using the two equations.

Lsp_crurp, = Ni smin{DCAS;, Ksp pp,}, (2.17)

0, DCAS; < Ksp rp,,

Larp-cnrre = { (DCAS; — Ksprp,) - N1, DCAS; > Ksp rp, (2.18)

When FPCT = 2, DCASsp,; and DCASyp,; for i = 1 and 2 are signaled using the
DCASspoand DCASy g fields in the SFH. Since F'Fy and F'P5 are empty, Lsp_cru.rp, =

Ly—cru,rp, = Lprupp, = 0 and Lsp_cru,pp; = Lvib—cru,ppy = Lpruppy, = 0. For i =1

and 2, LSB—CRU,FPi = Nl : DOASSB’O and LMB—CRU,FPi is obtained from DOASMB’O using
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Figure 2.16: Mapping between DCAS);p and number of miniband based CRUs for F'F

for FFT size 512 (from [10, Table 791]).
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the mappings in Figs. 2.14 through 2.16 for FF'T sizes of 2048, 1024 and 512, respectively.

The number of CRUs in each frequency partition is denoted Logy pp,, where
Lerupp, = Lsp-crupp, + Lup-crurp;- (2.19)

The number of DRUs in each frequency partition is denoted by Lpry pp,, where
Lprurp, = FPS; — Loru,pp,. (2.20)

and F'PS; is the number of PRUs allocated to F'P;.

The mapping from PRUpp, to CRUpp, is given by

CRUppilj] = PRUpp;j], 0<j < Lsp-crurp,- N1, 0=<1<FPCT,
Fril] PRUppilk + Lsp-crupr, - Nals-Lsp—crurp, < J < Lerurpi, 0<i<FPCT.
(2.21)

where k = s[j — Lsp—cru.ri), withs[-]-being the CRU/DRU allocation sequence defined as
s[j] = {PermSeq(j)+ DL-PermBase} mod {FPS;— Lsp-crvrp, - N1} (2.22)

where PermSeq() is thespermutation sequence of length (FPS; — Lsp_crurp,) and is de-
termined by SEED = IDeell - 343 mod 2! DL.PermBase is an interger ranging from 0

to 31, which is set to preamble IDcell. The mapping of PRUprp; to DRUpp; is given by
DRUpp;|j| = PRUppilk+ Lsp=cru#p)s 0<J < Lprurpi (2.23)

where k = s[j + Leru.rp, — Lsp—crurp,)-

2.3.2 Subcarrier Permutation

The DL DRUs are used to form two stream distributed logical resource unit (DLRU)s by
subcarrier permutation. The subcarrier permutation defined for the DL distributed resource

allocations within a frequency partition spreads the subcarriers of the DRU across the whole
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distributed resource allocations. The granularity of the subcarrier permutation is equal to a

pair of subcarriers.

After mapping all pilots, the remainder of the used subcarriers are used to define the
distributed LRUs. To allocate the LRUs, the remaining subcarriers are paired into contiguous

tone-pairs. Each LRU consists of a group of tone-pairs.

Let Lgc,; denote the number of data subcarriers in /th OFDMA symbol within a PRU,
i.e., Lscy = Psc — ny, where n; denotes the number of pilot subcarriers in the {th OFDMA
symbol within a PRU. Let Lgp; denote the number of data subcarrier-pairs in the Ith
OFDMA symbol within a PRU and is equal to Lgc;/2. A permutation sequence PermSeq()
is defined in section 2.3.3, performs the DL subearrier permutation as follows. For each [th

OFDMA symbol in the subframe:

1. Allocate the n; pilots within each-DRU as described in Section 2.3.3. Denote the data
subcarriers of D RUpp;[j] in the-{th-OFDMAsymbol as

SC’ggﬁjJ[k], 0 S] < LDRU,FPi, 0 S k< LSC,l~ (224)

2. Renumber the Lpgrypp; - Lséy data subecarriers of the DRUs in order, from 0 to

Lprurpi - Lsci — 1. ~Group these contiguotis and logically renumbered subcarriers

into Lpru,rpi - Lspy pairs and renumber them from«0to Lpry rpi - Lspy — 1. The

renumbered subcarrier pairs in the {th OFDMA-symbol are denoted as

RS Pppiu] = {SChHiy020], SChRy 20 +1]}, 0 <u < LpruppiLspy,  (2.25)

where  j = |u/Lgpi|, v={u} mod (Lsp;).

3. Apply the subcarrier permutation formula to map RSPpp;; into the sth distributed

LRU, s =0,1,..., Lpru,rpi — 1, where the subcarrier permutation formula is given by
SCrR: . lm] = RSPrpyk], 0<m < Lsp, (2.26)
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where

k= Lprurpi - f(m,s,1) + g(PermSeq(), s, m,1). (2.27)
In the above,

1. SCIE, [m] is the mth subcarrier pair in the /th OFDMA symbol in the sth distributed

LRU of the tth AAI subframe;
2. m is the subcarrier pair index, 0 to Lgp; — 1;
3. [ is the OFDMA symbol index, 0 to Ngym, — 1;
4. s is the distributed LRU index, 0 to Lprurp; — 1;

5. PermSeq() is the permutation sequence of length Lpgyrp; and is determined by

SEED = {IDcell - 1367} 1mod 2'°; and

6. g(PermSeq(), s, m,l) is a function-with value from the set [0,Lpry rpi-1], which is

defined according to

g(PermSeq(),s,m,l) = {PermSeq[{ f(m,s)+s +1} mod {Lprurp:}]

+DL-PermBase} wmod Lpryrpi  (2.28)

where DL_PermBase is an/integer ranging from 0-to 31 (Section 2.3.3), which is set

to preamble IDcell, and f(m,s,l) = (m+13: (s +1))mod Lgp;.

2.3.3 Random Sequence Generation

The permutation sequence generation algorithm with 10-bit SEED (.S,,_10, Sn_9, -+, Sn_1)

shall generate a permutation sequence of size M according to the following process:

e Initialization
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1. Initialize the variables of the first order polynomial equation with the 10-bit seed,

SEED. Set d; = |SEED/2°] + 619 and dy = SEED mod 2°.
2. Initialize the maximum iteration number, N = 4.

3. Initialize an array A with size M to contents 0,1,..., M — 1(i.e,,Afi] = 1,
for0 <i < M).

4. Initialize the counter 7 to M — 1.

5. Initialize x to —1.

e Repeat the following steps if i > 0
1. Increment x by 1.
2. Calculate the output variable of y = {(d; - = +'dy) mod 1031} mod M.
3. If y <, set y =y mod (¢+1).
4. Swap Ali] and-Alyl.

5. Decrement ¢ by 1.

o PermSeq[i] = Ali],where 0 <'i < M.

2.4 Test Case Generation

We set some system parameters to build a frame as a test case. The parameters are as given

below. We will walk through some of the derived mappings in subsequent subsections.

e NPRU = 48
e SAC=6
.KSB:7
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Table 2.2: Mapping Between PRU Index and PRUgp Index for the Test Case
PRUspIndex | 0 | 1 | 2 | 3|4 |5 |6 |7 |8]9|10|11]12]13
PRU Index |40 |41 (4243 |4 |5 | 6 | 7 (12|13 ]14]15|20]| 21
PRUgp Index | 14 | 15 | 16 | 17 | 18 | 19 [ 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27
PRU Index |22 |23 |28 |29 |30 |31 |36 |37|38|39|44 |45 |46 |47

[ K]\/[B =20

e Lgp= N, -Kgp =28

L4 Nsub: 12
e FPC =1
e FPCT =4

e FPO:FP1:FP2:FP3 =.1:1:1:1

e FPSC =2
o ID Cell =2
e SEED = 343

e DL _PermBase =0

2.4.1 Subband Partitioning

The 48 PRUs map to the subbands according the formulas described in Section 2.3.1.
Fig. 2.17 illustrates the PRU to PRUgp mapping for a 10 MHz bandwidth with K¢p = 6.

Table 2.2 shows the resulting mapping between the PRU index and the PRUgp index.
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Figure 2.17: PRU to PRUgp mapping for the test case
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Table 2.3: Mapping Between PRU Index and PPRU);g Index for the Test Case

PRUypIndex | O | 1 |2 | 3|4 |5 |6 | 7]8]9
PRU Index 011 8 10 | 11 | 16 | 17
PRUyp Index | 10 | 11|12 | 13|14 | 15|16 | 17 | 18 | 19
PRU Index |18 |19 |24 25|26 |27 |32 |33 |34 35

[\
w
Ne

Table 2.4: Mapping Between PRU,;p Index and PPRU);p Index for the Test Case

PPRUypIndex | O | 1 | 2 |3 |4 |5 |6 | 7|89
PRUyp Index | 0 | 8 |16 | 24 | 32 9 | 17125133
PPRUyp Index | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
PRUypIndex | 2 |10 |18 26|34 | 3 |11|19 |27 35

—_

2.4.2 Miniband Partitioning

The remainder of the PRUs are allocated to minibands according the formulas given pre-
viously. Fig. 2.18 illustrates the PRU-to-P RUy, g mapping for a 10 MHz bandwidth with
Kyp = 20. Table 2.3 shews the resulting mapping between the PRU index and the PRUyp

index.

2.4.3 Miniband Permutation

The miniband permutation maps the PRU), s to Permuted P RUyps (PP RUyps) to ensure
that frequency diverse PRUs are allocated to each frequency partition. The mapping rule
is as described previously. Fig. 2.19 illustrates the PRUy;p to PPRU,;p mapping for a
10 MHz bandwidth with K,z = 20. Table 2.4 shows the resulting mapping between the
PRU,;p index and the PPRU,;p index.
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Figure 2.18: PRU to PRU);p mapping for the test case.
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Figure 2.19: PRUy s to PPRU);g mapping for the test case.

Table 2.5: Mapping Between PRUgp Index, PP RUyp Index, and PRUprp; Index for the
Test Case

PRUppyindex | O "1 (2 | 314[5|6[7|8[9]10] 11
PRUgp index
PPRUpindex | x | x

o
—
[\)
w
"
4
"
~
"
"
™

O
—
)
w
N
t
D
N

2.4.4 Frequency Partitioning

The PRUgsg and PPRU,, g are allocated to the frequency partitions. There are 4 frequency
partitions used because F'PCT = 4. ' The PRUsp and PPRUy;5 map to frequency partitions
1, 2, 3, and 4 according the formulas given previously. Fig. 2.20 illustrates the PRUgp and
PPRU,,p to frequency partitions mapping for a 10 MHz bandwidth. Tables 2.5 through 2.8
show the resulting mapping between the PRUgp index, PP RU g index, and PRUpp; index

for 1 <i<4.
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Table 2.6: Mapping Between PRUgsp Index, PPRUyp Index, and PRUgps Index for the
Test Case

PRUppsindex [0 |12 [3|4 5|6 | 7 |8[9|10]11
PRUgp index X | x
PPRUypindex | x | X | X |X|X|X| X 10 | 11

S
(@
D
N
oo
Nej
—
(@)
—
—
i

oo
Nej

Table 2.7: Mapping Between PRUgsp Index, PPRU),p Index, and PRUrps Index for the
Test Case

PRUppzindex | O | 1 | 2 |3 |4 |5 |6 |78 9 10|11
PRUggindex |12 (13|14 1516|1718 |19 | x | x | x | X
PPRUygpindex | x | x | x| x| x| x| x| x|12]13]14] 15

Table 2.8: Mapping Between PRUgg Index; PPRUy g Index, and PRUpp, Index for the
Test Case

PRUppsyindex |01 | 2 | 31| 415 6 | 7|89 |10]|11
PRUgp index .[ 204 21 [[22°1°23 [ 24 | 25|26 |27} x |. x | X | X
PPRUypindex | X | x I'SI'xX |"X X | x"}L.x |16417 | 18| 19

Table 2.9: Random Sequence for the Test'Case

k O 20305 6 | 7
PermSeq[k] | 27| 1 [0 [ 3[4 |5]6 |7

2.4.5 Random Sequence

We generate a random sequence with ID_Cell = 2, DL_PermBase = 0. Then SEED =
{ID_Cell x 1367} mod 2! = 343. The random sequence is generated according to the

formulas given previously. Table 2.9 shows the random sequence.
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Table 2.10: Mapping Between PRUpp; Index and CRUpp1/DRUpp; Index

PRUppiyindex [0 1234567891011
CRUpp;yindex |01 (2314|567 |x|x]| x| X
DRUppyindex | x| x|x|x|x|x|x|x|04| 3] 2

Figure 2.21: Themapping of PRUppis to. CRU/DRU forthe test case.

2.4.6 CRU/DRU ‘Allocation

The PRUppis map to the CRUs and DRUs according to the formulas given previously.
Fig. 2.21 illustrates the P RUppy to CRU/DRU mapping for a 10 MHz bandwidth. Table 2.10

show the resulting mapping between the PRUrp; index.and the CRU/DRU index.

2.5 MIMO Midamble [10]

Again this section is mainly taken from [10]. MIMO midamble is used for preferred matrix
index (PMI) selection in CL MIMO. For open loop (OL) MIMO, midamble can be used to
calculate channel quality index (CQI). MIMO midamble shall be transmitted every frame on
the second DL AAI subframe. The midamble signal occupies the first OFDMA symbol in a
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DL type-1 or type-2 AAI subframe. For type-1 AAI subframe, the remaining 5 consecutive
symbols form a type-3 AAI subframe. For type-2 AAI subframe, the remaining 6 consecutive
symbols form a type-1 AAI subframe. The MIMO midamble signal transmitted by the ABS

antenna is defined

= Nused =l j2w(k—7Nused — 1)Af(t—T )
s(t) = Re{eﬂ“fct Z bre 2 ! } (2.29)
k=0
Nused —1
ket
where by is a coefficient modulating a subcarrier in the midamble symbol
( Nyseq — 1
218 {1 — (2G([k + u+ of fset(fft)] mod Fft)}, k # %and
b, = IDcell k—s (2.30)
k — d Ny)= d
(k=) mod (3 x N)& By pllmsect b)) mod 3
L0, otherwise.

where k is the subcarrier index (0 < k< Nyseq — 1), Nusea 18 the number of used subcarriers,
G(z) is the Golay sequence defined in-Fig. 2.22 (0°< 1< 2047), fftis the FFT size used,
u is a shift value given by w = mod (I Dcell,256); of fset(fft) issan FFT size specific
offset as defined in Fig. 2:23, ¢ is an advanced base station (ABS) transmit antenna index
(0 < g < N, — 1), Ny is'the number of ABS transmit-antennas; parameter s = 0 for
k< % and s = 1, for k > M. An example of the physical structure of
the MIMO midamble is shown inFig.2.24.for the case with 4 transmit (TX) antennas and
[Dcell =0. In Fig. 2.22; the hexadecimal ‘series should be read as a sequence of bits where
each 16-bit word starts at the most significant bit (MSB) and ends at the least significant
bit (LSB) where the second word’s MSB follows. The first bit of the sequence is referenced

as having offset 0.
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oepr2 | oepip | oepE2 | oxizez | ooz | oo | oxzp | oeoin | oo | oo | ooer | ose |

0x121D 0x12E2 0xEDE2 Ox12E2 O0xEDE2 0xEDID 0xEDE2 0x12E2 0xEDE2 0xEDID 0x121D 0xEDID
0x121D 0x12E2 0x121D 0xED1D 0xEDE2 OxEDID 0x121D OxEDID O0xEDE2 OxEDID O0xEDE2 0x12E2
0xEDE2 0xEDID 0x121D 0xED1D 0xEDE2 0xEDID 0xEDE2 0x12E2 0x121D 0x12E2 0xEDE2 0x12E2
0x121D 0x12E2 0x121D 0xED1D 0x121D 0x12E2 0xEDE2 0x12E2 0xEDE2 0xEDID 0xEDE2 0x12E2
0x121D Ox12E2 OxEDE2 Ox12E2 OxEDE2 xEDID O0xEDE2 Ox12E2 O0xEDE2 OxED1D 0x121D OxED1D
0=xEDE2 0xED1D 0xEDE2 Ox12E2 0x121D Ox12E2 O0xEDE2 Ox12E2 0xEDE2 =EDID 0xEDE2 0x12E2
0xEDE2 0xED1D 0x121D 0xED1D 0x121D Ox12E2 0x121D OxEDID O0xEDE2 OxEDID 0x121D OxED1D
0x121D Ox12E2 0x121D xEDID 0x121D Ox12E2 O0xEDE2 Ox12E2 0x121D 0x12E2 0x121D OxED1D
OxEDE2 OxED1D 0x121D xEDID OxEDE2 xEDID O0xEDE2 Ox12E2 O0xEDE2 OxED1D 0x121D OxED1D
0x121D Ox12E2 0x121D OxED1D 0xEDE2 OxEDID 0x121D OxEDID

Figure 2.22: OFDMA parameters (Table 793 in [10]).

2048 30
1024 60
512 40

Figure 2:23: OFDMA parameters(from [10, Table 794)).
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Figure 2.24: Example of MIMO midamble structure for the case of 4 transmit antennas

(Figure 502 in [10]).
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2.6 Usage of Downlink Pilots [10]

Again this section is mainly taken from [10]. The demodulation pilots in a given PRU on
a given pilot stream shall be precoded the same way as the data transmitted on the same
stream in that PRU. In DLRU the data transmitted in a given PRU on a given stream may
be sent to several advanced mobile station (AMS)s but in different tones using the same

precoder.

Two pilot streams shall always be transmitted in the DLRUSs, whether inside or outside
the OL region type 0, and whether or not data is being transmitted by the ABS in all
DLRUs. If no data are transmitted by the ABS on all or some contiguous logical resource
unit (CLRU)s in the OL region type 1 or type 2; then max M, pilots shall still be transmitted
across all CLRUs in that OL region. If no data are transmitted by the ABS on all or some
CLRUs outside any OL region, then pilots:shall not be transmitted.-on the CLRUs where no

data are sent.

The precoder may be adaptive (user-specific) or non-adaptive (non user-specific) depend-
ing on the DL MIMO mode. Non-adaptive precoders are determined according to the DL
MIMO mode, the number of streams, the type of LRU, operation inside or outside the OL

region, and the physical index of the subband or miniband where the precoder is applied.

In MU-MIMO transmissions in CLRUveach pilot-stream is dedicated to one AMS. The
AMS shall use its dedicated pilot stream for channel estimation within the allocation. Other
pilot streams may be used for inter-stream interference estimation. The total number of
streams in the transmission and the index of the dedicated pilot stream are indicated in
the DL Basic Assignment A-MAP IE, DL Persistent Allocation A-MAP IE or DL Subband
Assignment A-MAP IE.

Channel estimation for demodulation of data burst at AMS should be performed as
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follows:

e In DLRU: the 2-streams non-adaptively precoded common pilots across the DLRU
should be used for channel estimation by all AMSs allocated a burst in the DLRU.
Within each frequency partition, all pilots are shared by all AMSs for demodulation in
DLRU. Only the pilots located within a physical subband should be used for channel

estimation within that subband.

e In CLRU: The AMS should use its dedicated pilot streams for channel estimation in
the allocation. Pilots are not shared by AMSs for demodulation in CLRU, whether

they are non-adaptively or adaptively precoded.

MIMO feedback measurements at the AMS should be performed as follows:

e For MIMO feedback.reports requested with a MIMO feedback mode for operation in
an OL region, measurements should be taken on the max M; streams non-adaptively
precoded pilots in that OL region. All pilotsare shared by all AMSs for MIMO feedback

measurements in each OL region.

Wideband CQI reports inside OL region should-be averaged over OL region pilots

of the PRUs in the frequency partition 0.

e For MIMO feedback reports requested with-a MIMO feedback mode for operation out-

side the OL region, measurements should be taken on the downlink MIMO midamble.

Wideband CQI reports outside OL region (measured on MIMO midamble) should
be averaged over the frequency partition indicated by Frequency Partition Indicator
(PFI) in Feedback Allocation A-MAP IE or according to FPCT for feedback allocated
by Feedback Polling A-MAP IE.
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For reports requested with a MIMO feedback mode for OL MIMO operation, the
AMS should adjust the non-precoded MIMO channel estimated from the midamble by
applying it with the non-adaptive precoder according to the MIMO feedback modes

(MFM), the subband index and assumption on space time code(STC) rate.

For reports requested with a MIMO feedback mode for CLL. MIMO operation, the
AMS should adjust the non-precoded MIMO channel estimated from the midamble

with an estimated adaptive precoder.

Subband CQI reports (inside and outside OL region) should be reported for sub-

bands in subband logical resource unit (SLRU)s indicated by superframe header(SFH).

2.7 Downlink control structure [10]

Again this section is mainly taken from {10}

2.7.1 Advanced Preamble

There are two types of Advanced Preamble (A-Preamble): primary advanced preamble (PA-
Preamble) and secondary advanced preamble (SA-Preamble). One PA-Preamble symbol and
three SA-Preamble symbols exist in a superframe. An A-Preamble symbol is located at the
first symbol of a frame. The PA-Preamble. is located atrthe first symbol of the second frame
in a superframe while a SA-Preamble islocated at the first symbol of each of the remaining

three frames. Fig. 2.25 depicts the location of A-Preamble symbols.

2.7.2 Primary Advanced Preamble (PA-Preamble)

The length of sequence for PA-Preamble is 216 regardless of the FFT size. PA-Preamble

carries the information of system bandwidth and carrier configuration. With the subcarrier
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Superframe: 20ms
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SU0 SuU1 Su2
Frame: 5ms
.
FO F2 % F3
U Superframe Header
-
E PA-Preamble % SA-Preamble

Figure 2.25: Location of the A-Preamble symbols (Figure 506 in [10]).

index 256 reserved for DC, the allocation-of subcarriers is given by
PAPreambleCarrier Set = 2+ 'k + 41 (2.31)

where PAPreambleCarrierSet specifies all subcarriers allocated to the PA-Preamble and &
is a running index from 0 to 215. Fig. 2.26 depicts the symbol structure of the PA-Preamble
in the frequency domain.
Fig. 2.27 lists the sequences of the PA-Preamble in-hexadecimal format. A series is
DC
A
|
|
|
41 43 45 253 255 257 259 467 469 471

T PAPreambleCarnerSet

Figure 2.26: Symbol structure of PA-Preamble in frequency domain (Figure 507 in [10]).
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5MHz 6DBA4F3B16BCE59166CICEF7C3C8CASEDF
C16A9D1DCO1F2AE6AAOSF
1 7,8.75and 10 MHz ~ 1799628F3B9F8F3B22C1BA19EAF94FECAD
37DEE97E027750D298AC
2 20MHz 92161C7C19BB2FCOADE5SCEF3543AC1B6C
E6BE1CSDCABDDD319EAF7
3 Reserved 6DE116E665C395ADC70A8971690862086
8A60340BF35ED547F8281
4 cul Reserved BCFDF60DFAD6B027E4C39DB20D783C9F4
iy 67155179CBA31115E2D04
configured
5 Reserved 7EF1379553F9641EE6ECDBF5F144287E32
9606C616292A3C77F928
6 Reserved 8A9CA262B8B3D37E3158A3B17BFA4COFC
FF4D396D2A93DE65AOE7C
7 Reserved DASCE648727E4282780384AB53CEEBD1C
BF79EOC5DA7BAS5DD3749
8 Reserved 3A65D1E6042E8B8AADC701E210B5B4B6S
0B6AB31F7A918893FBO4A
9 Reserved DA6CF86FES1B56B2CAARAF26F6F204428C
1BD23F3D888737A0851C
10 Partially. N/A 640267A0CODF11E475066F 1610954B5AES
configured S5E189EA7E72EFD57240F

Figure 2.27: Sequences of PA-Preamble in frequency domain (from [10, Table 796]).

mapped onto subcarriers in asgending order, MSB first, with'Omapped to +1 and 1 mapped

to —1.

The sequences of indexes from 3 to 9 in the figure are reserved for the irregular nominal
channel bandwidth to support tone dropping. The magnitude boosting levels in single carrier

mode for different FF'T sizes are shown in Fig. 2.28.
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2.3999 3.4143 5.1320

Figure 2.28: Boosting factors for PA-Preamble symbols (Table 797 in [10]).

2.7.3 Secondary Advanced Preamble (SA-Preamble)

The number of subcarriers allocated for SA-Preamble Ng4p are 144, 288, and 576 for 512-
FFT, 1024-FFT, and 2048-FFT, respectively. The allocation of subcarriers is according

to
144 Ngap

SAPreambleCarrierSet, =n+ 3 -k + 40 - (2.32)

where SAPreambleCarrierSet, specifies all subcarriers allocated to the specific SA-Preamble,
n is the index of the SA-Preamble carrier-set 0;-1-and 2 representing segment 1D, k is a run-
ning index 0 to Ngap — 1 for each FFT size and the subcarrier indexes 256, 512, and 1024
are reserved for DC for 512-FFT, 1024-FFT, and 2048-FFT, respectively. No circular shift is
assumed in the above equation. Each-segment uses‘an SA-Preamble composed of a carrier-
set out of the three available carrier-sets in that segment ¢ uses SA-Preamble carrier-set 4
where ¢ = 0,1, 2. Each cell has an integer value [Dcell from 0 to 767..The IDcell is defined

by segment index and an index per, segment as
I'Dcell = 256n + Idx (2.33)
where n is the index of the SA-Preamble carrier-set 0, 1 and 2 representing segment ID and
Idx =2 mod (128,n) + |¢/128| (2.34)

with ¢ being a the running index from 0 to 255. SA-Preamble sequences are partitioned and
each partition is dedicated to a specific BS type like macrocell ABS, macro hotzone ABS,
femto ABS. The BS types are categorized into macro ABS and non-macro ABS cells by hard

partition with 258 sequences (86 sequences per segment, 3 segments) dedicated for macro
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ABS. The non-macro ABS information is broadcasted in a hierarchical structure, which is
composed of S-SFH SP3 and AAI SCD messages. In S-SFH SP3, non-macro ABS cell type
is partitioned into public and closed subscriber group (CSG) femto BSs. A total of 16 cases
of IDcell partition for public and CSG-femto ABSs constitude IDcell partitions based on a

30 sequence (10 sequences per segmentation) granularity.

2.8 DL Control Channels [10]

Again this section is mainly taken from [10]. DL control channels convey information essential
for system operation. Information on DL control channels is transmitted hierarchically over
different time scales from the superframe level to the AAI subframe level. In mixed mode
operation (WirelessMAN-OFDMA /Advanced Air Interface); an. AMS can access the system
without decoding WirelessMAN-OFDMA FCH and MAP messages.

2.8.1 Superframe Header

The Superframe Header (SEH) carries essential system parameters and system configuration
information. The SFH is located in the first AAI subframe within asuperframe. The SFH

uses the last 5 OFDM symbols within the first AAIL subframe.

All PRUs in the first AAI subframe of a superframe have 5 OFDM symbols with the 2
stream pilot pattern. The resource mapping process in the SFH AAI subframe is as follows.
The AAI subframe where SFH is located always has one frequency partition F'FPy. All Npry
PRUs in the AAI subframe where SFH is located are permuted to generate the distributed
LRUs. The permutation and frequency partition of the SFH AAI subframe can be described
by DSAC = 0 (all minibands, without subband), DF PC = 0 (reuse 1 only), DCASspy =0
(no subband CRU allocated), and DCASy; 59 = 0 (no miniband CRU allocated).
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Neey The number of distributed LRUs ~ Np_gp+Ng ey
which are occupied by SFH.
Note that NSFH=NP—SFH+NS—SFH

Np_sen The number of distributed LRUs  Fixed (value is TBD)
which are occupied by P-SFH.

Ng gen The number of distributed LRUs  Variableaccordingto
which are occupied by S-SFH. the type of S-SFH SP

Figure 2.29: Parameters and values for resource allocation of SFH (from [10, Table 806]).

The SFH occupies the first Ngppy distributed LRUs in the first AAI subframe of a su-
perframe where Ngry < 24. The remaining distributed LRUs in the first AAI subframe of
a superframe are used for other control and data transmission. The SFH is divided into two
parts: Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH).

Figure 2.29 describes the parameters and values for resource allocation of the SFH.

2.8.2 Primary Superframe Header

The Primary Superframe Header (P-SFH) shall be transmitted in'every superframe. The first
Np_gppg distributed LRUs of the first AAL subframe are allocated for P-SFH transmission,

where Np_gppy is a fixed value.

2.8.3 Secondary Superframe Header

The Secondary Superframe Header (S-SFH) may be transmitted in every superframe. If the
S-SFH is present, the S-SFH shall be mapped to the Ng_gppy distributed LRUs following
the Np_gpgdistributed LRUs. The value of Ng_grg is indicated in P-SFH IE. The S-SFH
can be repeated over two consecutive superframes. The information transmitted in S-SFH is
divided into three sub-packets. The sub-packets of S-SFH are transmitted periodically where

each sub-packet has a different transmission periodicity as illustrated in Fig. 2.30. The “SP
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Figure 2.30: Illustration of periodic transmission of S-SFH SPs with example transmission
periodicity of 40 ms, 80 ms and 160 ms for SP1, SP2 and SP3, respectively (Figure 515 in
[10]).

scheduling periodicity information” field-of S-SFH SP3:is used to indicate the transmission
periodicity of the S-SFH SPs (1, 2, 3). Fig. 2.31 shews the transmission periodicity of

different S-SFH SPs for different values of “SP scheduling periodicity information” field.

When there is no S-SEH SP in the SFH, the SFH resources are used for transmitting

other control information-or A-MAP.

2.8.4 Advanced MAP (A-MAP)

The Advanced MAP (A-MAP) carries unicast service control/information. Unicast service
control information consists of user-specific control information and non-user-specific control
information. User-specific control information is further divided into assignment information,
HARQ feedback information, and power control information, and they are transmitted in
the assignment A-MAP, HARQ feedback A-MAP, and power control A-MAP, respectively.
All the A-MAPs share a region of physical resources called A-MAP region. A-MAP regions
shall be present in all DL unicast AAI subframes. When default TTI is used, DL data
allocations corresponding to an A-MAP region occupy resources in the AAI subframe where

the A-MAP region is located Figure 2.32 illustrates the location of A-MAP region in the

46



SP scheduling Transmission Transmission Transmission

periodicity periodicity of S-SFH | periodicity of S-SFH | periodicity of S-SFH
information SP1 SP2 SP3
0000 40ms 80ms 160ms
0001 40ms 80ms 320ms

0010-1111:reserved

Figure 2.31: Transmission Periodicity of S-SFH SPs (from [10, Table 807]).

| A-MAP | A-MAP | A-MAP | A-MAP |
DL DL DL DL U'-
SFO SF1 SF2 SF3

Figure 2.32: Example of locations of A-MAP regions in a TDD system (From [10, Fig 516])

TDD mode.

If FFR is used in a DL AAT subframe;-both the reuse 1 partition and the power-boosted
reuse 3 partition may contain an A-MAP region. In'a DI. AAI subframe, non-user specific,
HARQ feedback, and power control A-MAPs are located in a frequency partition called the
primary frequency partition. The primary frequency partition can be either the reuse 1
partition or the power-boosted reuse 3 partition, which is indicated by ABS through S-SFH
SP1 IE. Assignment A-MAP- can be in the reuse 1 partition or the power-boosted reuse 3
partition or both. The number of assignment A-MAPs in‘each frequency partition is signaled

through non-user specific A-MAP.

The structure of an A-MAP region is illustrated in the example in Figure 2.33. The
resource occupied by each A-MAP may vary depending on the system configuration and

scheduler operation.

In DL AAT subframes other than the first AAI subframe of a superframe, an A-MAP

region consists of the first Nq_j;4p distributed LRUs in a frequency partition and the LRUs
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Figure 2.33: Structure of an A-MAP region (Figure 517 in [10]).

are formed from PRUs with N, symbols. In the first DL AAI subframe of a superframe,
the A-MAP region consists ofithe first Na_jp4p distributed LRUs after Ngppy distributed

LRUs occupied by SFH.

2.8.5 Non-user Specific A-MAP

Non-user-specific A-MAP-consists of information that is not dedicated to a specific user or
a specific group of users. .The AMS should firstly-decode the non-user-specific A-MAP in
the primary frequency partition to obtain the information needed for decoding assignment
A-MAPs and HF A-MAPs. The resource. occupied. by non-user specific information is of

fixed size.

2.8.6 HARQ Feedback A-MAP

HARQ feedback A-MAP carries HARQ ACK/NACK information for uplink data transmis-

sion.
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2.8.7 Power Control A-MAP

Power Control A-MAP carries fast power control command to AMS.

2.8.8 Assignment A-MAP

Assignment A-MAP contains resource assignment information which is categorized into mul-
tiple types of assignment A-MAP IEs. Each assignment A-MAP IE is coded separately and
carries information for one or a group of AMSs. The minimum logical resource unit in the

assignment A-MAP is called MLRU, consisting of Ny;pry = 56 data tones.

The assignment A-MAP IE shall be transmitted with one MLRU or multiple concatenated
MLRUs in the A-MAP region. The number of logically contiguous MLRUs is determined
based on the assignment A-MAP IE size and channel coding rate, where channel coding rate

is selected based on AMS link condition:

Assignment A-MAP IEs are grouped together based on channel coding rate. Assignment
A-MAP IEs in the same group are transmitted in the same frequency partition with the same
channel coding rate. Each assignment A-MAP group contains seyeral logically contiguous
MLRUs. The number of assignment A-MAP IEs in each assignment A-MAP group is signaled

through non-user specific A-MAP.in the same AATI subframe.

If two assignment A-MAP groups using.two _channel ¢oding rates are present in an A-
MAP region, assignment A-MAP group using lower channel coding rate is allocated first,

followed by assignment A-MAP group using higher channel coding rate.

If a broadcast assignment A-MAP IE, i.e., the assignment A-MAP IE intended for all the
AMSs, exists in a DL AAI subframe, it shall be present at the beginning of either assignment

A-MAP group 1 or assignment A-MAP group 3.

All the multicast assignment A-MAP IEs, i.e., all the assignment A-MAP IEs intended for
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Figure 2.34: Physical processing block diagram for the P-SFH (Figure 518 in [10]).

a specific group of AMSs, present in any assignment A-MAP group, shall occupy a contiguous
set of MLRUs starting from the beginning of the assignment A-MAP group. If the broadcast
assignment A-MAP IE is present in the assignment A-MAP group, the multicast assignment
A-MAP IEs are located right after the broadcast assignment A-MAP IE. The Group Resource

Allocation A-MAP IE is an example of multicast assignment A-MAP IEs.

All the unicast assignment A-MAP IEs intended for a particular AMS shall be transmitted
in the same assignment A-MAP group. The DL /UL Basi¢ Assignment A-MAP IEs are an

example of unicast assignment A-MAP IEs.

The maximum number of assignment-A-MAP TEs in one AAI subframe that the ABS
may allocate to an AMS"is 8. This number includes all of the assignment A-MAP IEs that
are required to be considered by the AMS (its STID; group ID of GRA, Broadcast ID). For
a segmentable assignment A-MAP IE (assignment A-MAP IE that occupies more than 1
MLRU in QPSK 1/2, each segment is counted as l-assignment A-MAP IE.

2.9 Resource Mapping of DL-Control Channels [10]

Again this section is mainly taken from [10].
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Figure 2.35: Physical processing block diagram for the S-SFH (Figure 519 in [10]).

2.9.1 Superframe Header

Primary Superframe Header

The P-SFH IE shall be appended with 5 bits CRC. The generating polynomial is G(z) =
x® + 2* + 22 + 1. The resulting sequence of bits shall be encoded by the TBCC with
parameter M = Npgep p—sra and Kpypsize = 4L, where L is the number of information bits

and Npgep p—sry is the number of repetition for effective code rate of 1/16 or 1/24.

The modulated symbols shall be mapped to two transmission streams using SFBC. The

two streams using SFBC shall be precoded and mapped to the transmit antennas.

Antenna specific symbols at the output of the MIMO-encoder /precoder shall be mapped

to the resource elements,
Secondary Superframe Header

Figure 519 shows the physical processing block diagram for the S-SFH.

The S-SFH IE shall be appended with a16-bit-CRC:

The resulting sequence of bits shall be encoded by the TBCC with parameter M =

Niep,s—sraKpufsize and Kpyfsize = 4L, where L is the number of information bits.
The value of Ngep s—grm is indicated in P-SFH.
The encoded bit sequences shall be modulated using QPSK.

The modulated symbols shall be mapped to two transmission streams using SFBC. The
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Figure 2.36: Chain of non-user specific A-MAP IE to non-user specific A-MAP symbols
(Figure 520 in [10]).

two streams using SFBC shall be precoded and mapped to the transmit antennas.

Antenna specific symbols at the output of the MIMO encoder/precoder shall be mapped

to the resource elements.
Advanced MAP (A-MAP)
SFBC with precoding shall be used for the A-MAP region.

Non-user Specific A-MAP

The coding chain for non-user-specific: A-MAP TE to nen-user-specific A-MAP symbols is
shown in Figure 2.36. The non-user specific A-MAP TEis encoded by TBCC with parameter
M = 3Kpufsize and Ky fgize = 4L for 1/12 code; where L is the number of information bits.
In FFR configurations, the non-user specific A-MAP_is also encoded with a code rate of
1/12 when it is in the frequéney.reuse 1 partition. When the mnon-user specific A-MAP
is in the power-boosted frequency reuse.3 partition, it-should be encoded with parameter

M = Kpyfsize = 4L for 1/4 code rate. The encoded sequence is modulated using QPSK.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by Snys[0] to
Snus|Lyus — 1], are mapped to tone-pairs from RM P[(Lyr + Lpc)/2] to RMP[(Lyr +
Lpc + Lyus)/2 — 1], where RMP refers to the renumbered A-MAP tone-pairs and Lyp is
the number of tones required to transmit the entire HARQ feedback A-MAP; Lpc is the

number of tones required to transmit the entire power control A-MAP; Lyys is the number
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Figure 2.37: Chain of HF-A-MAP IE to HF-A-MAP symbols (Figure 521 in [10]).

of tones required to transmit the non-user specific-A-MAP.
HARQ Feedback A-MAP

HARQ feedback A-MAP (HF-A-MAP) contains HARQ-feedback-1Es for ACK/NACK feed-

back information to uplink data transmission.

Figure 2.37 shows the construction procedure of HE<A-MAP symbols from HF-A-MAP-
IE. Each HF-A-MAP IE carries 1 bit information. Firstly, it is repeated Ngep prp—a—map
times, where Npe, pr_azmrap is 8. Then; Repeated HE-A-MAP IE bits are scrambled by
the Ngep rnr—a—mapLSBsiof the STID of the associated-AMS. Depending on the channel
conditions, power scaling can be applied to each scrambled sequence. Before MIMO encod-
ing, each scrambled sequence is mapped to-either real part or imaginary part in the signal

constellation and multiplexed with other serambled sequence, if exist.

Figure 2.37 shows a cluster of HF-A-MAP channels, which consists of 4 HF-A-MAP
channels numbered as 4c,4c + 1,4c + 2,4c + 3 where ¢ is the HF-A-MAP cluster index in
a HF-A-MAP region. Channel 4c in the cluster occupies the real part of the first symbol
in each tone pair before the SFBC encoder. Channel 4c + 1 in the cluster occupies the

imaginary part of the first symbol in each tone pair before the SFBC encoder. Channel
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4c + 2 in the cluster occupies the real part of the second symbol in each tone pair before
the SFBC encoder. Channel 4¢ + 3 in the cluster occupies the imaginary part of the second

symbol in each tone pair before the SFBC encoder.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by Sgr[0] to
Sur[Lyr—1], are mapped to tone-pairs from RM P[0] to RM P|Lgr/2—1], where RMP refers
to the renumbered A-MAP tone-pairs and Ly is the number of tones required to transmit
the entire HARQ feedback A-MAP. Clusters of the HF-A-MAP are indexed sequentially

from index 0 within an HF-A-MAP region in the mapping process.

There is one HF-A-MAP region in each DL AAI subframe. Within each HF-A-MAP

region, the index for HF-A-MAP channel is caleulated as follows.

For the deallocation of a persistent allocation, the HE-A-MAP resource index is specified

in the HFA the of UL Persistent Allocation A-MAP 1E.

For group resource allocation, the-HF-A-MAP. resource index for the [ AMS in the
GRA allocation is (isgarit |l - Ngp—a—map/NeRA|) mod Nyp_ A yap, where iz, is the
ACK Channel Offset in.the UL group resource allocation A-MAP IE; Nyr_a_aap is the
total number of HF-A-MAP configured per HE-A-MAP region, and Nggra is the User Bit

Map Size in the UL group resource allocation A-MAP 1E.

For the BR-ACK A-MAP 1E, the HF-A-MAP resourceindex for the ["* AMS grant in
the BR-ACK bitmap is (isgare + |- Nogr—amap/Npr-ack]) mod Nyp_a_pap, where igqm
is the HFA start offset in the BR-ACK A-MAP IE, Ngr_a_aap is the total number of HF-
A-MAP channels configured per HF-A-MAP region, and Nggr_ack is the number of AMSs
with grants in the BR-ACK A-MAP IE.

For resource allocation using the UL Basic Assignment A-MAP IE, UL Subband Assign-
ment A-MAP IE, CDMA Allocation A-MAP IE and the UL Persistent Allocation A-MAP
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Figure 2.38: Chain of PC-A-MAP IE to PC-A-MAP symbols (Figure 522 in [10]).

IE, the HF-A-MAP resource index is (M (j) +n) mod Nyp_a_nrap, where j is HF-A-MAP
Index Parameter in the Non-user specific A-MAP IE, n is a 3 bit HFA value in each assign-
ment A-MAP IE, Nyp_a_pap is the total number of HF-A-MAP channels configured per
HF-A-MAP region. M(j) is STID for the:UL Basic Assignment A-MAP IE and UL Subband
Assignment A-MAP IE and RA<ID for CDMA Allocation A-MAP IE when j = 0 and M(j)
is the lowest LRU index of the ¢orresponding UL transmission when j = 1. For the UL

persistent allocation A-MAP IE, M(j)-is-always STID regardless of value j.
Power Control A-MAP

Power Control A-MAP (PC-A-MAP) contains PC-A-MAP-IEs for closed-loop power control
of the uplink transmission..The ABS shall transmit. PC-A-MAP-IE to every AMS which

operates in closed-loop power ‘control.mode.

Figure 2.38 shows the construction procedure of PC-A-MAP symbols from PC-A-MAP-

IE. The i*" PC-A-MAP-IE shall have the size of 2 bits according to power correction value.

The i*" and (i + 1)* PC-A-MAP IEs shall be mapped to two QPSK symbols as depicted
in Figure 2.38. Only the i"® PC-A-MAP may also be mapped to two QPSK symbols for

transmitting to the corresponding MS with poor channel quality.

Power scaling by sqrt(Pi)(0 < i < Npc_a_wmap_1z) shall be applied to the " PC-A-
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Figure 2.39: Chain of A-A-MAP IE to A-A-MAP symbols (Figure 523 in [10]).

MAP-IE where Npc_a_pap—gg is the number of PC-A-MAP-IEs and sqrt(Pi) is the value

determined by the management entity to satisfy the link performance.

The QPSK symbols are repeated Nyep pc—a—map—rg times, where Ny, pc—a—map—1E

equals two.

Figure 2.38 shows a cluster of PC-A-MAP channels, which consists of 2 PC-A-MAP
channels numbered as 2¢ and 2¢ + 1 where.¢ is the PC-A-MAP cluster index in the A-MAP
region. Channel 2c¢ in the clusterfoccupies the real part of both symbols in each tone pair
before the SFBC encoder. Channel 2¢ 4+ 1 oceupies-the imaginary part of both symbols in

each tone pair before the SEBC encoder.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by Spc[0] to
Spc|Lpc — 1], are mapped to tone-pairs from RM P[(Lyr/2] to RMP[(Lyr + Lpc)/2 —
1], where RMP refers to_the renumbered A-MAP tone-pairs and Lyp is the number of
tones required to transmit the entire HARQ feedback A-MAP; Lpe is the number of tones
required to transmit the entirepower.control A-MAP. Clusters of the PC-A-MAP are indexed

sequentially in the mapping process.
Assignment A-MAP

The Assignment A-MAP (A-A-MAP) shall include one or multiple A-A-MAP IEs and each
A-A-MAP IE is encoded separately. Figure 2.39 describes the procedure for constructing
A-A-MAP symbols.

A 16-bit CRC is generated based on the contents of the assignment A-MAP IE. Denote the
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assignment A-MAP IE by m(x) = by_12V " +by_oxV =2+ +bio+by, where by_; is the MSB
of the assignment A-MAP IE and b is the LSB of the assignment A-MAP IE. The 16-bit CRC
is calculated as the remainder of dividing m(x)x'% by the 16-bit CRC generator polynomial
g(z) = 2+ 22+ 25+1. The resulted CRC is denoted by p(z) = pisx'® +prux*+...+piz+po
where py5 is the MSB of the CRC and pq is the LSB of the CRC.

The 16-bit CRC mask is then applied to the 16-bit CRC by bitwise XOR operation.

The masked CRC is then appended to the assignment A-MAP IE, resulting in a bit
sequence of m(x) * z'% + p(x) @ q(z). The resulting sequence of bits shall be encoded by the
TBCC.

Coded bits can be repeated to improve the robustness of an A-A-MAP channel based on

the link condition of a particular AMS.

For a given system configuration, assignment A-MAP IEs can be encoded with two
different effective code rates. The set-of code rates is (1/2,1/4) or (1/2;1/8) and is explicitly
signaled in the S-SFH.

In case of FFR, two ¢ode rates, either (1/2,1/4) or (1/2,1/8), can be used in the reuse 1
partition. 1/2 or 1/4 code rate is used in the power-boosted reuse 3 partition and signaled

in the S-SFH.

The parameters for TBCC are M = Ky fsi.c = 2LA01 1 /2 code rate, M = Ky, fsize = 4L
for 1/4 code rate, and M = 2Ky, fsize and Kpypsize = 4L for 1/8 code rate where L is the

number of information bits. The encoded bit sequences shall be modulated using QPSK.

2.9.2 Downlink Power Control

The ABS should be capable of controlling the transmit power per AAI subframe and per

user. An ABS can exchange necessary information with neighbor ABS through backbone
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network to support downlink power control.

Power Control for A-MAP

Downlink transmit power density of A-MAP transmission for an AMS may be set in order to
satisfy target error rate for the given MCS level which is used for the A-MAP transmission.

Detail algorithm is left to vendor-specific implementations.
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Chapter 3

Introduction to IEEE 802.16m MIMO

We introduce the MIMO transmission mechanism in IEEE 802.16m. Much of the material

is taken from [10].

3.1 Downlink MIMO Architecture and Data Process-
ing [10]

This section is mainly taken from [10]. The architecture of downlink MIMO at the trans-
mitter side is shown in Fig. 3.1. The MIMO encoder block maps L MIMO layers (L > 1)
onto M; MIMO streams (M > L), which are fed to.the precoder:block. For the spatial
multiplexing modes in SU-MIMO, “rank” is defined as the number of MIMO streams to

be used for the user allocated to the Resource Unit (RU): For SU-MIMO, only one user is

MIMQ Iayers MIMO, streams Antennas
Al Subcarrier
. mapper !
MIMO !
encoder Precoder
I Subcarrier =
v Y mapper

Figure 3.1: DL MIMO architecture (Fig.537 in [10]).
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scheduled in one RU, and only one forward error correction (FEC) block exists at the input
of the MIMO encoder (vertical MIMO encoding at transmit side). For MU-MIMO, multiple
users can be scheduled in one RU, and multiple FEC blocks exist at the input of the MIMO
encoder (horizontal MIMO encoding or combination of vertical and horizontal MIMO en-
coding at transmit side, which is called multi-layer encoding). The precoder block maps
MIMO stream(s) to antennas by generating the antenna-specific data symbols according to
the selected MIMO mode. The subcarrier mapper blocks map antenna-specific data to the
OFDM symbol.

3.2 MIMO Layer to MIMO Stream Mapping [10]

Again this section is mainly taken from~[10]. MIMO-layer to MIMO stream mapping is
performed by the MIMO encoder..The MIMO encoderis a batch processor that operates on
M input symbols at a time: The input-to the"MIMO encoder is represented by an M x 1

vector as

s = (3.1)

where s; is the ith input symbol within a batch. In MU-MIMO transmissions, the M symbols
belong to different AMSs. Two consecutive symbols may belong to a single MIMO layer.
One AMS shall have at most one MIMQ layer: MIMO layer to MIMO stream mapping of
the input symbols is done in the space dimension first. The output of the MIMO encoder is
an M; x Np MIMO STC matrix as,

x = S(s), (3.2)

which serves as the input to the precoder, where M, is the number of MIMO streams, Ng
is the number of subcarriers occupied, x is the output of the MIMO encoder, s is the input

MIMO layer vector, and S() is a function that maps an input MIMO layer vector to an
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STC matrix which will be further defined specifically for various cases below. There are four
MIMO encoder formats (MEF): SFBC, vertical encoding (VE), multi-layer encoding (ME),

and conjugate data repetition (CDR). For SU-MIMO transmissions, the STC rate is defined

R—M
as _N—F

For MU-MIMO transmissions, the STC rate per user (R) is equal to 1 or 2.

3.2.1 SFBC Encoding
The input to the MIMO encoder is a 2 x 1 vector

s = [‘ﬂ , (3.3)

S2

and the MIMO encoder generates the 2 X 2 SEBC matrix
_ |51 =S
7 [82 : } | (3.4)

Where x is a 2 x 2 matrix. The matrix x occupies two consecutive subcarriers.

3.2.2 Vertical Encoding (VE)

The input and the output of MIMO. encoder are both the same M x 1 vector as
X=s= (3.5)

where s;, 1 < i < M, belong to the same MIMO layer. The encoder is an identity operation.

3.2.3 Multi-layer Encoding (ME)

The input and the output of MIMO encoder are again the same M x 1 vector
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but now s;, 1 < i < M belong to different MIMO layers, where two consecutive symbols
may belong to a single MIMO layer. Multi-layer encoding is only used for MU-MIMO mode.

The encoder is an identity operation.

3.2.4 CDR Encoding

The input to the MIMO encoder is a 1 x 1 vector
§ = 81, (37)

yielding
x=[s1 sj], (3.8)

The CDR matrix x occupies two consecutive subcarriers.

3.3 MIMO Stream to Antenna Mapping [10]

Again this section is mainly taken from-[10]. MIMo stream to antenna.mapping is performed
by the precoder. The output of the MIMO encoder is multiplied by an /V; x M, precoder W

to yield an N; X Np matrix z as

21,1 212 ' A1,Np
22,1 222 22 Np

7z = Wx = i i . i (3.9)
ZNg, 1 AN2 o0 ZNy Np

where N, is the number of transmit antennas and z; ;, is the output symbol to be transmitted
via the jth physical antenna on the kth subcarrier. Pilots within PRU are precoded in the

same way as the data subcarriers.

3.3.1 Non-adaptive Precoding

With non-adaptive precoding, the precoding matrix is an N; x M, matrix W (k), where [V, is

the number of transmit antennas, M, is the number of MIMO streams, and k is the physical
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RU with M, pilot MIMO streams

RU in OL region with MaxM,
MIMO streams

outside OL region

SFBC N=2: Cpy o1, su(2, My, 1), M=2 N=2: Cp, o1, su(2, My, 1), MaxM,=2
N=4: Cp, o1, su(4, My, 4), M=2 Ni=4: Cpi, o1, sul4, My, 4), MaxM=2
N.=8: Cp, o1, su(8 M, 4), M=2 N,=8: Cp, o, su(8 M, 4), MaxM,=2
VE N=2: Cp o1, su(2, My, 1), M=1,2 N=2: Cp o, su(2, My, 1), MaxM,=2

N=4:Cp o1, su(4 M, 4), M=1,2,3,4  N=4:Cp o su(4, My, 4), MaxM,=2
N=8: Co orsul8 My 4), M=1,2,3,4  N=8:Cpy oy su(8, M,, 4), MaxM,=2
N, depends on M,

ME n.a n.a

CDR n.a N,=2: CDL,OL’SU(Z, M,, 2), MaxM,=1
N:=4: Cp oL, w4, M,, 4), MaxM,=1
N=8: Cp o1, (8, M,, 8), MaxM,=1

Figure 3.2: Codebook subsets used for non-adaptive precoding in DL-DLRU and NLRU
(from [10, Table 842]).

index of the subcarrier where<W (k)is applied. The precodinganatrix is selected from the
base codebook or from a subset of the-base codebook of size N,, fora given rank, as specified
in Figs. 3.2 and 3.3, where Cpp or.s0(Ni, My Nyy)-denotes a DL OL SU-MIMO codebook
subset which consists of NV, complex matrices of dimension N; by M;. The base codebook and

the codebook subsets are defined in Quantized MIMO feedback for CL transmit precoding.

e Non-adaptive precoding outside the OL region:- In-an RU ‘allocated outside the OL
region, with MEF using SEFBC.or VE and non-adaptive precoding, the precoding matrix
changes every N; PsC' contiguous physical'subcarriers, and it does not depend on the
AAT subframe number. The N; x M, precoding matrix W (k) applied on subcarrier k
in physical subband s is selected as the codeword of index 7 in the codebook of rank

M, specified in Figs. 3.2 or 3.3, with ¢ given by
t=s mod N,, s=0,,Ngyp—1, (3.10)

where N, denotes the number of physical subbands across the entire system band-

width. In an RU allocated outside the OL region, with MEF using ME and non-
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RU with M, pilot MIMO streams RU in OL region with MaxM,
outside OL region MIMO streams

SFBC n.a n.a

VE N=2:C(2, M, 3), M;=1,...,MaxM, N,=2: C(2, M,, 3), MaxM,=2
N.=4: C(4, M,, 4), M;=1,..., MaxM, N.=4: C(4, M,, 4), MaxM,=2

N.=8:C(8, M,, 4), M;=1,...,MaxM, N,=8: C(8, M,, 4), MaxM,=2

ME N=2:C(2, M, 3), M;=2,...,MaxM, N.=2: C(2, M,, 3), MaxM,=2
N=4: C(4, M, 4), M;=2,..., MaxM, N,=4: C(4, M,, 4), MaxM,=2

N.=8:C(8, M,, 4), M;=2,..., MaxM, N,=8: C(8, M,, 4), MaxM,=2

CDR n.a N=2: C(2, M,, 3), MaxM=1
N,=4: C(4, M,, 4), MaxM,=1

N,=8: C(8, M,, 4), MaxM,=1

Figure 3.3: Codebook subsets used for non-adaptive precoding in DL-SLRU (from [10, Table
843]).

adaptive precoding, the precoding matrix changes every. N; PRUs, and it does not
depend on the AAI subframe number. The Ny X M, precoding matrix W (k) applied
on subcarrier k in subband s is selected as any M; unordered columns of the codeword
of index 7 in the codebook of rank max M; specified in Fig. 3.3, where i is given by
( 3.10), and max M, is specified in Feedback Allocation A-MAP IE or Feedback Polling
A-MAP IE. The AMS shall assume M; = max M; in the codebook of Fig. 3.2 for its

feedback of stream index.

e Non-adaptive precoding inside the:OL region: In an'RU allocated in the max M; MIMO
streams OL region, the precoding matrix changes every N PRUs, where N = Ny in all
OL regions except in the OL region of type 1 with NLRU. The N; x max M, precoding
matrix W (k) applied on subcarrier k in physical subband s is selected as the codeword

of index 7 in the codebook of rank max M; specified in Fig. 3.2 or 3.3, with i given by
t=s mod N,, s=0, -, Nyp—1, (3.11)

where N, denotes the number of physical subbands across the entire system band-
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width. In the OL region of type 1 with NLRU, N = Ny, and the N, x 1 precoding
matrix W (k) applied on subcarrier k£ in PRU m in AAI subframe number ¢ is selected
as the codeword of index 7 in the codebook of rank max M; = 1 specified in Fig. 3.2,

with ¢ given by
i=(m+(t mod2)) modN,, m=0,-,Npgy —1, (3.12)

where Npgry denotes the number of physical PRUs across the entire system bandwidth.

3.3.2 Adaptive Precoding

With adaptive precoding, the precoder W is derived from the feedback of the AMS. For
codebook-based adaptive precoding.(¢odebook feedback); there are three feedback modes:
base mode, transformation mode and differential mode. For TDD sounding-based adaptive

precoding, the value of W is derived-from the AMS sounding feedback.

3.4 Downlink. MIMO Modes [10]

Again this section is mainly taken from [10].«There are six MIMO transmission modes for
unicast DL MIMO transmission as listed in Fig. 3.4-and  3.6.. The allowed values of the
parameters for each DL MIMO mode are shown in Figure3.6. . * 2 streams to one AMS
and 1 stream to another AMS, with 1 layer each.** 2:gtreams to one AMS and 1 stream
each to the other two AMSs, with 1 layer each.” M; refers to the number of MIMO streams
transmitted to one AMS with MIMO modes 0, 1, 2 and 5. M, refers to the total number of

MIMO streams transmitted to multiple AMS on the same RU with MIMO modes 3 and 4.

3.5 Transmission Schemes for Data Channels [10]

Again this section is mainly taken from [10].
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Mode index Description MIMO encoding MIMO precoding
format (MEF)

Mode0 OLSU-MIMO (Tx SFBC Non-adaptive
diversity)

Mode 1 OLSU-MIMO (SM) VE Non-adaptive

Mode 2 CLSU-MIMO (SM) VE Adaptive

Mode 3 OLMU-MIMO (SM) ME Non-adaptive

Mode 4 CL MU-MIMO (SM) ME Adaptive

Mode5 OL SU-MIMO (Tx CDR Non-adaptive
diversity)

Figure 3.4: Downlink MIMO modes (from [10, Table 844]).

3.5.1 Encoding and Precoding of SU-MIMO

Encoding of SU-MIMO Modes

e MIMO mode 0: Uses SEBC encoding.

e MIMO mode 1: Uses VE. The number of MIMO streams is M;"< min(N;, N,.) where

N, is the number of receive antennas and M; is no more than 8.

e MIMO mode 2: Uses VE. The number of MIMO streams is' My < min(N;, N,.) where

M, is no more than 8.

e MIMO mode 5: Uses CDR encoding.

e MIMO mode 0: Uses non-adaptive precoding with M; = 2 MIMO streams.
e MIMO mode 1: Uses non-adaptive precoding with M; MIMO streams.
e MIMO mode 2: Uses adaptive precoding.

e MIMO mode 5: Uses non-adaptive precoding with M; = 1 stream.
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Numberof | STCrate Numberof | Numberof | Number of
transmit per MIMO subcarriers MIMO

antennas MIMO streams layers
layer

N, R M, N
2 1 2 2
MIMOmode 0 4 1 2 2
8 1 2 2
2 1 1 1
2 2 2 1
4 1 1 1
4 2 2 1
4 3 3 1
4 4 4 1
MIMO mode 1 8 1 1 1
MIM;rr]:ode 2 8 2 2 !
8 1
8 1

MIMO mode
and
MIMO mode 4

D W N D WNNR PR R R R R R R PR PR R R BEPR R R BB -

3.5.2 Encoding and Precoding of MU-MIMO

Multi-user MIMO schemes are used to enable a resource allocation to communicate data to

two or more AMSs. Multi-user transmission with one or two MIMO streams per AMS is
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Numberof | STC rate Numberof | Numberof | Numberof
transmit per MIMO subcarriers MIMO
antennas MIMO streams layers

layer

R
2and 1*
2and1**

2
2 and 1*
2and 1*

2

1/2
1/2
1/2

7
=
=

MIMOmode 4

MIMOmode 5

0 H N 0 00 0 b B b
[T S Y S S U R S S S )
N N N P P P P P
P P PN WNNWNT-F

Figure 3.6: DL MIMO parameters (from [10, Table 845]).

supported for MU-MIMO. MU-MIMO includes the MIMO:configuration of 2Tx antennas to
support up to two AMSs, and 4Tx or-8Tx-antennas to support up-to four AMSs, with one
MIMO stream per AMS./Both OL MU-MIMO" (mode 3) and CL MU-MIMO (mode 4) are

supported.

Encoding of MU-MIMO Modes

e MIMO mode3: Uses multi-layer encoding.

e MIMO mode4: Uses multi-layer/encoding:

Precoding of MU-MIMO Modes

e MIMO mode 3: Uses non-adaptive precoding. With OL MU MIMO inside the OL
region, the precoder W with two MIMO streams is predefined and fixed over time.

With OL MU MIMO outside the OL region, the precoder W is an N; x M; sub-matrix
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of a predefined N, x max M; matrix. The precoding matrix W used by the ABS is
given by
W(k) = [o1(k) va(k) - wa(K)] (3.13)

where v;(k) is the precoding vector for the ith AMS on the kth subcarrier, which shall
also be used for precoding the pilot symbols on the ith pilot MIMO stream on the kth

subcarrier.

e MIMO mode 4: Uses adaptive precoding. In CL. MU MIMO, the precoder W is an
N; x M; matrix for each subcarrier. It is used to communicate to up to M AMSs
simutaneously. The form and derivation of the precoding matrix does not need to be
known at the AMS. The ABS determines the precoding matrix based on the feedback

received from the AMS. The ABS'shall construct the precoding matrix W as
W (k) =Tor(k)  wa(k) "o Dwn, (R)] (3.14)

where v;(k) is the precoding vector for the ith MIMO stream on the kth subcarrier,
which shall also be used for precoding the pilet symbols on the ith pilot MIMO stream

on the kth subcarrier.

3.5.3 Mapping of Data and Pilot Subcarriers

Consecutive symbols for each antenna/at the output of the MIMO precoder are mapped in a
frequency domain-first order across LRUs of the allocation, starting from the data subcarrier
with the smallest OFDM symbol index and smallest subcarrier index, and continuing to
subcarrier index with increasing subcarrier index. When the edge of the allocation is reached,

the mapping is continued in the next OFDM symbol.
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MIMO mode 0

MIMO mode 1 Yes, with M =2 Yes, with Mt=4 Yes
MIMO mode 2 No Yes, with Mt=4 Yes
MIMO mode 3 No No Yes
MIMO mode 4 No Yes Yes
MIMO mode 5 No No No

Figure 3.7: Supported Permutation for each DL MIMO mode outside the OL region (from
[10, Table 846]).

MIMO mode O Yes, with MaxM, = 2

MIMO mode 1 Yes, with MaxM; =2 No Yes, with MaxM, = 2
MIMOmode 2 AWNA No
MIMOmode 3 Yes, with MaxM, = 2
b’/w.ozrll mé ¢ -
MIMO mode 5 Yes, with MaxM= 1" Yes, with MaxM, =1

Figure 3.8: Supported Permutation for each DL MIMO mode in the OL region (from [10,
Table 847]).

3.5.4 Usage of MIMO Modes

Fig. 3.7 shows permutations supported. for each MIMO_mode outside the OL region. All

pilots are precoded regardless of the number of transmit antennas and allocation type.

3.6 Feedback Mechanisms and Operation [10]

Again this section is mainly taken from [10].
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3.6.1 Open-Loop Region

An OL region with max M; MIMO streams is defined as a time-frequency resource using
the max M; MIMO streams pilot pattern and a given OL MIMO mode with M; = max M,
without rank adaptation. The OL region allows base stations to coordinate their OL MIMO
transmissions, in order to offer a stable interference environment where the precoders and
numbers of MIMO streams are not time-varying. The LRUs used for the OL region are
indicated in the AAI SCD message. These LRUs shall be aligned across cells. Only a
limited set of OL MIMO modes are allowed for transmission in the OL region, as specified
in Fig. 3.8. All OL MIMO modes can also be used outside the OL region except for MIMO

mode 5, as specified in Fig. 3.7. An OL region is agsociated with a specific set of parameters:

e type (number of MIMO<streams max M;, MIMO mode, MIMO feedback mode, type

of permutation), and

e LRUs.

There are three types of Ol regions, as specified in Fig. 3.9. Dynamic switching between
MIMO modes 1 and 3 in dewnlink transmissions in.OL region type 2.is allowed. The rank-2
precoders for transmission with- MIMO mode 1 or 3 in OL region type 2 are the same on
a given subband. All BSs that are coordinated over-the same OL region should use the
same number of MIMO streams, in order to guarantee low interference fluctuation and thus
improve the CQI prediction at the AMS. All pilots are precoded by non-adaptive precoding
with max M; MIMO streams in the OL region. CQI measurements should be taken by the
AMS on the precoded demodulation pilots rather than on the DL midamble. The max M,
precoded pilots streams shall be transmitted in all the LRUs in the OL region even if data

are not being transmitted by the ABS on some or all of the LRUs.
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MIMO mode MIMO Supported

feedback permutation
mode

OlLregiontype0 2 MIMO MIMO mode 0 MFM O DLRU
streams MIMOmode 1l (Mt=2
MIMO streams)

OLregiontypel 1MIMO MIMOmode5 (Mt=1 MFM 1 NLRU
streams MIMO streams) MFM 2 SLRU

Olregiontype2 2MIMO MIMOmodeO (Mt=2 MFM 5 SLRU
streams MIMO streams)

MIMO mode 3 (Mt =2
MIMO streams)

Figure 3.9: Types of open-loop regions (from [10, Table 848]).

3.6.2 MIMO Feedback Mode Selection

An AMS may send an unsolicited event-driven reéport to indicate its preferred MIMO feed-
back mode to the ABS. Event-driven reports for MIMO feedback mode selection may be

sent on the P-FBCH during any allowed transmission interval for the allocated P-FBCH.

3.6.3 MIMO Feedback Modes

Each MIMO transmission mode can be supported by one or several MIMO feedback modes.
When allocating a feedback channel;.the MIMO feedback mode shall be indicated to the
AMS, and the AMS will feedback information-accordingly. The description of MIMO feed-
back modes and corresponding supported MIMO transmission modes is shown in Fig. 3.10.

Some detailed description of feedback and AMS processing are in the following subsections.

The feedback of the quantized wideband correlation matrix shall be requested by the ABS
for operation with transformation codebook-based feedback mode using the Feedback Polling
A-MAP IE. The ABS may request the feedback of the quantized wideband correlation matrix
independently of the MIMO feedback mode requested in the Feedback Allocation A-MAP
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IE. The quantized wideband correlation matrix may be used for wideband beamforming.

MIMO feedback mode 0 is used for the OL-SU SFBC and SM adaptation in diversity
permutation. The AMS estimates the wideband CQI for both SFBC and SM, and reports
the CQI and STC Rate. STC Rate 1 means SFBC with precoding and STC Rate 2 means
rank-2 SM with precoding. MIMO feedback mode 0 may also be used for CQI feedback for
sounding based beamforming. The AMS shall estimate the wideband CQI for SFBC mode
(max M; = 0b00), and report the CQI.

MIMO feedback mode 1 is used for the OL-SU CDR with STC rate 1/2 in diversity
permutation. MIMO feedback mode 2 is used for the OL-SU SM in localized permutation
for frequency selective scheduling. The STC Rate-indicates the preferred number of MIMO
streams for SM. The subband CQI shall correspond to the selected rank. MIMO feedback
mode 3 is used for the CL-SU.SM in localized. permutation forfrequency selective scheduling.
The STC Rate indicates the preferred-number .of MIMO streams for SM. The subband CQI

shall correspond to the selected rank.

MIMO feedback mode 4 is used for the CL SU MIMO using wideband beamforming with
rank 1. In this mode, AMS shall feedback the wideband CQI. The wideband CQI shall be
estimated at the AMS assuming short-term or long-term precoding at the ABS, according
to the feedback period. The channel state information may be obtained at the ABS via the

feedback of the correlation matrix, or via the feedback of the wideband PMI.

MIMO feedback mode 5 is used for OL MU MIMO in localized permutation with fre-
quency selective scheduling. In the mode, AMS shall feedback the subband selection, MIMO

stream indicator and the corresponding CQI.

MIMO feedback mode 6 is used for CLL MU MIMO in localized permutation with fre-
quency selective scheduling. In this mode, AMS shall feedback the subband selection, cor-
responding CQI and subband PMI. The subband CQI refers to the CQI of the best PMI
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in the subband. Rank-1 base codebook (or its subset) is used to estimate the PMI in one

subband.

MIMO feedback mode 7 is used for CL. MU MIMO in diversity permutation using wide-
band beamforming MU MIMO. In this mode, AMS shall feedback the wideband CQI. The
wideband CQI shall be estimated at the AMS assuming short-term or long-term precoding at
the ABS, according to the feedback period. The channel state information may be obtained
at the ABS via the feedback of the correlation matrix. or via the feedback of the wideband
PMI.

3.6.4 Downlink Signaling Support of DL-MIMO Modes

The BS shall send some parameters necessary for DL MIMO operation in a broadcast mes-
sage. The broadcast information iscarried in the S-SEH SP3 TE or in the additional broadcast
information such as AAI SCD or AAL-DL IM. messages. The BS shall send some param-
eters necessary for DL MIMO operation in. a unicast message. The unicast information is
carried in the DL BasicAssignment A-MAP TE; DL Subband Assignment A-MAP IE, DL
Persistent A-MAP IE, Feedback Polling A-MAP IE, and Feedback Allocation A-MAP IE.
Figure 3.12 specifies the DL control parameters required for MIMO operation. When CS
indication indicates the use of a codebook subset and MFM indicates a CL SU MIMO mode
(MFM = 3 and 4), the MS shall use the SU-base codebook subset of Fig. 3.13 when N, = 4.
When CS indication indicates the use of a codebook subset and MFM indicates a CL MU
MIMO mode (MFM = 6 and 7), the MS shall use the MU base codebook subset of Fig. 3.13
when N, = 4.
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MIMO Description

and Type of

Feedback
Mode RU

Feedback Content

Support MIMO Mode
Outside the OL region

Support MIMO
Mode Inside the OL
region

OLSU MIMO
SFBC/SM
(Diversity:
DLRU, NLRU)
Sounding
based CL SU
and MU
MIMO

OLSU MIMO

SM (Diversity:

NLRU)
OLSU MIMO

SM (localized:

SLRU)

CLSU MIMO
(localized:
SLRU)

CLSU MIMO
(Diversity:
NLRU)

OLMU
MIMO
(localized:
SLRU)

CLMU
MIMO
(localized:
SLRU)

CLMU
MIMO
(Diversity:
NLRU)

1.
2.

STCrate
Wideband CQJ

1. Wideband CQl

B9 =

o

S

S

STCrate
Subband CQl
Subband
selection

STCrate
Subband CQl
Subband PMI
Subband
selection
Wideband
correlation
matrix

Wideband CQl
Wideband PMI
Wideband
carrelation
matrix

Subband CQl
Subband
selection
MIMO stream
indicator

Subband CQl
Subband PMI
Subband
selection
Wideband
correlation
matrix

Wideband CQJ
Wideband PMI
Wideband
correlation

MIMO mode 0 and
MIMO mode 1

Flexible adaptation
between the two
modes
STCrate=1:SFBC CQl
2<=STC rate<=4:SM CQl
In DLRU: M=2 for SM
In NLRU: M>=2 for SM
For sounding based CL
SU MU MIMQ, STCrate
=1:SFBC CQl

n.a

MIMO Mode 1
1<=STC rate<=8

MIMO mode 2
1<=STC rate<=8

MIMO mode 2

(M=4)

MIMO mode 3

MIMO mode 4

MIMO mode 4

MIMO mode 0 and
MIMO mode 1
Flexible adaptation
between the two
modes
STCrate=1:SFBC CQl
STCrate=2:SM CQl
In DLRU only

MIMO mode 5
STCrate=1/2

MIMO mode 5
STCrate=1/2

n.a

n.d

MIMO mode 3

n.a

n.a

Figure 3.10: MIMO feedbackygnodes (from [10, Table 849]).



parmeter | Descpion | Vawe | Notes |

BroadcastInformation

Ny

Number of transmit
antennasatthe BS

OL Region OL MIMO region, which

BS SI

MEF

signalingis used to
indicate MS where is the
predefined OL MIMO
region and number of
MIMO streams (1 or 2)

Rank-1 base codebook
subset indication for

interference mitigation
with PMI coordination

2,4,8

OL-Region-ON (1
bit): Signal the
existence of OL
region.
OL-Rank1-Config(3
bit): to signal the
combination of sub-
band and mini-
bandin OL region
type 1. Refer to
Table 848.
SB-OL-Region-2-Size
(4 bit) : signal the
number of sub-
bandsin OL region
type 2

BitMAP:
8 bits if N, = 2
16 bits ifN, = 4, 8

Unicast Information

MIMO Encoder format

SFBC
Vertical encoding

Indicated in S-SFH (system
information)SP3 |E

Indicated in AAI_SCD
Message

Rank-1 codebook element
restrictionor
recommendation
information

Itshall beiignored if
Codebookmode = 0b0O,
0b010r0b10

Itis indicated in AAI DL IM
Message

Its usage is enabled by
Codebook mode or
Codebook coordination

MIMO encoder format.
Indicated in DL Basic

Horizontal encoding Assignment A-MAP IE, DL

Subband Assignment A-
MAP IE, DL Persistent A-
MAP IE

Figure 3.11: DL MIMO control parameters (from [10, Table 850]).
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Cparameter Descrpton | vawe o |

M, Numberof MIMO 1to8 Number of MIMO streams in the
streams in transmission.
transmission Indicated in DL Basic Assignment

A-MAP [E, DL Subband
Assignment A-MAP IE, DL
Persistent A-MAP |E

Sl Indexof allocation 1to4 Sl shall be indicated if MEF is HE
pilot MIMO stream Indicated in DL Basic Assignment
A-MAP IE, DL Subband
Assignment A-MAP |E, DL
Persistent A-MAP |E

MFM MIMO feedback Refer to Table 849 To decide the feedback content
mode and related MS processing
Indicated in Feedback Allocation
A-MAP IE, Feedback Polling A-

MAP IE
MaxM, Maximumnumber If N=2 (any MFM): If MFM indicatesa SU feedback
of MIMO streams  0b0: 1 made: the maximum STCrate
Ob1:2 scheduled for each user
If N=4 (any MFM): |f MFM indicatesa MU feedback
0b00: 1 mode:the maximum number of
0b01: 2 users scheduled on each RU
0b10: 3 Indicatedin Feedback Allocation
0Obl1:4 A-MAP |E, Feedback Polling A-
If N=8.(SU-MIMO MEM 0, 1, MAPIE
2, 3,4):
0b00: 1
0b01: 2
0b10:4
0b11:8
If N=8 (MU-MIMQO MFM 5,
6,7):
0b00: 1
0b01: 2
0b10: 3
Ob11:4
Cs Codebooksubset Base codebook or Dependingon the MFM and CS
indication type for CLMIMO  codeboaoksubset indication, the MS shall feedback
mode 2 and 4 a PMI from the SU or MU base
codeboaok, or from a subset of the
SU or MU of the base codebook.
Indicated in Feedback Allocation
A-MAP IE, Feedback Polling A-
MAP IE
CM Codeboaok 0b00: base mode with This field specifies the codebook
feedbackmode for codebookcoordination feedback mode. If codebook
CLMIMO mode2  disabled coordination isenabled by setting
and4 0bO01: transformation mode Codebook_modeto Ob11 or by
with codebook setting Codebook_coordination to
coordination disabled 0b1, and if the AMS reports STC
0b10: differential mode rate equal to 1, then the AMS
with codebooz shallfind the rate-1 PMI from the
coardination disabled codeboaokentries broadcastedin

Figure 3.12: DL MIMO control parameters (from [10, Table 850]).



e one | Two | Twee | fow |

Subset selection  C(4,1,6,m) C(4,2,6,m) C(4,3,6,m) C(4,4,6,m)
m=0to 15 m=0to 15 m=0to 15 m=0to5

Figure 3.13: Subset selection of the base codebok for four transmit antennas (from [10, Table
866]).

3.6.5 Quantized MIMO Feedback for Closed-loop Transmit Pre-
coding

An AMS feedbacks a Preferred Matrix Index (PMI) to support DL precoding. There are

three types of codebook feedback modes as follows.

e The base mode: the PMI feedback from-a AMS shall represent an entry of the base

codebook. It shall be sufficient for the ABS to determine a new precoder.

e The transformation mode: the PMI feedback from a, AMS shall represent an entry of

the transformed base codebook according to long term channel information.

e The differential mode: the PMI feedback from a AMS shall represent an entry of
the differential codebook or an entry of the base codebook at PMI reset times. The
feedback from a AMS provides a differential knowledge of the short-term channel infor-
mation. This feedback represents.information that‘isused along with other feedback

information known at the ABS for determining a new precoder.

An AMS shall support the base and transformation modes and may support the differential
mode. The transformation and differential feedback modes are applied to the base codebook

or to a subset of the base codebook.

Base mode for codebook-based feedback
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“— C (o}

000 0 0.7071 -0.7071

001 1 0.7071 -0.5000-0.5000i
010 2 0.7071 -0.7071i
011 3 0.7071 0.5000-0.5000i
100 4 0.7071 0.7071

101 5 0.7071 0.5000+0.5000i
110 6 0.7071 0.7071i

111 7 0.7071 -0.5000+0.5000i

Figure 3.14: Base codebook ¢(2,1,3) (from [10, Table 851]).

The base codebook is a unitary codebook.That is each of its matrices consists of columns
of a unitary matrix. The AMS selects its preferred matrix from the base codebook based
on channel measurements. {Fhe AMS sends back the index of the preferred codeword, and
the ABS determines the precoder W-according to the index. Both ABS and AMS use
the same codebook for ¢orrect operation. The base codebooks are defined below for two,
four, and eight transmit antennas at the ABS; where the notation C(Ny, M;, Ng) denote the
codebook, which consists‘of 2N g complex; matrices of dimension /Ny by M,;, and M, denotes
the number of MIMO streams. The notation C(Ny, M;, N, i) denotes the i-th codebook
entry of C(Ny, M;, Np).

The base codebook of SU-MIMO with two transmit antennas consist of rank-1 codebook

C(2,1,3) and rank-2 codebook C(2,2,3), as illustrated in Figs. 3.14 and 3.15, respectively.

The base codebook for MU-MIMO is the same as the rank 1 base codebook for SU-MIMO.
The base codebooks of SU-MIMO with four transmit antennas consist of rank-1 codebook

C(4,1,6), rank-2 codebook C(4,2,6), rank-3 codebook C(4,3,6) and rank-4 codebook C(4,4,6).
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T
€(2,2,3,m) = [c11 c12; c21 c22]

C11 C12
€ Cx»
000 0 0.7071 -0.7071
0.7071 0.7071
001 1 0.7071 -0.5000-0.5000i
0.7071 0.5000+0.5000i
010 2 0.7071 -0.7071i
0.7071 0.7071i
011 3 0.7071 0.5000-0.5000i
0.7071 -0.5000+0.5000i

100-111 4-7 = =

Figure 3.15: Base codebook ¢(2,2,3) (from [10, Table 852]).

Transformation Codebook Based Feedback Mode

The base codebooks and their subsets-of rank 1 for SU and MU MIMO can be transformed
as a function of the ABS transmit correlation matrix. A quantized representation of the
ABS transmit correlation.matrix shall be fed back by the AMS as instructed by the ABS.
Both ABS and AMS transform the rank 1 base codebook to a rank 1 .transformed codebook

using the correlation matrix: The transformation for codewords of rank 1 is of the form

— Rvi
IR

(%

(3.15)

where v; is the ith codeword of the base codebook, v; is the ith codeword of the transformed
codebook, and R is the N; x N, transmit correlation matrix. After obtaining the transformed
codebook, both AMS and ABS shall use the transformed codebook for the feedback and

precoding process of rank 1.

The codebooks of rank > 1 shall be used without transformation when the AMS is

operating with the transformation codebook-based feedback mode.
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0.6000
a, 1 0.9 0 0.9000

DIET-LY Fl Binary
Entries encoding
a 0 0.6 0
Figure 3.16: Quantization parameters for diagonal entries of R (from [10, Table 867]).

The correlation matrix R shall be fed back to support the transformation mode of
codebook-based precoding. It is fed back periodically and one correlation matrix is valid
for whole band. During some time period and in the whole band, the correlation matrix is

measured as

R = F[HH;] (3.16)

where H;; is the correlated channel matrix in the :th OFDM symbol period and jth subcar-
riers. Because of the symmetry of the correlation matrix, enly the uipper triangular elements

shall be fed back after quantization.

The R matrix is normalized by the maximum element amplitude, and then quantized to

reduce the feedback overhead. The equation of normalization is

R

R=—" {j=1.:N, (3.17)
max(|r;|) i

where r; ; denotes the ijth elemnet of R. The normalized diagenal elements are quantized
by 1 bit, and the normalized complex elements are quantized by 4 bits. The equation for

quantization is

g=a-edtm (3.18)

where either a = [0.6 0.9]andb=0ora=1[0.1 0.5]andb=1[0 1/8 1/4 3/8 1/2 5/8 3/4 7/§]
for diagonal entries. The total number of bits of feedback is 6 for 2 transmit antennas,
28for 4 transmit antennas, and 120 for 8 transmit antennas. The AMS and ABS shall use

the same transformation based on the correlation matrix fed back by the AMS.
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Non-Diagonal Binary
Entries encoding
q 0

0000 0.1 0.1000
a, 0001 0.1 1/8 0.0707+0.0707i
as 0010 0.1 1/4 0.1000!
Q% 0011 0.1 3/8 -0.0707+0.0707i
Qs 0100 0.1 1/2 -0.1000
s 0101 0.1 5/8 -0.0707-0.0707i
a, 0110 0.1 3/4 -0.1000i
Qs 0111 0.1 7/8 0.0707-0.0707i
Qo 1000 0.5 0 0.5000
10 1001 0.5 1/8 0.3536+0.3536i
au 1010 0.5 1/4 0.5000i
O 1011 0.5 3/8 -0.3536+0.3536i
Qs 1100 0.5 1/2 -0.5000
Uua 1101 0.5 5/8 -0.3536-0.3536i
s 1110 0.5 3/4 -0.5000i
e 1112 0.5 7/8 0.3536-0.3536i

Figure 3.17: Quantization parameters for non-diagonal entries of R (from [10, Table 868]).

Differential Codebook-Based Feedback Mode

The differential feedbacks exploit the correlation between precoding matrices adjacent in time
or frequency. The feedback shall/start initially and restart periodically by sending a one-
shot feedback that fully depicts the precoder by itself. At least one differential feedback shall
follow the start and restart feedback. The start and restart feedback employs the codebook
defined for the base mode and is sent through long term report defined in Feedback Allocation
A-MAP IE for MFM 3 and 6. The differential feedback is sent through short term report
defined in Feedback Allocation A-MAP IE for MFM 3 and 6.

Denote the feedback index, the corresponding feedback matrix, and the corresponding
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precoder by t, D(t), and V (), respectively. The sequential index is reset to 0 at Ty, + 1.
The index for the start and restart feedbacks are 0. Let A be a vector or a matrix and Q4
be the rotation matrix determined by A. The precoder corresponding to each index is given
by

V(t) = Qv(t_l)D(t), t=20,1,2,..., Tz, (3.19)

where the rotation matrix Qv -1 is a unitary matrix Ny x N; computed from the previous
precoder V(¢ — 1) with N, is the number of transmit antennas. The dimension of the
feedback matrix D(t) is , where M, is the number of spatial streams. Qv 1) has the form
Qv(-1) = [V(t—1) V=*(t—1)], where V*(¢ — 1) consists of columns each of which has a
unit norm and is orthogonal to the other columns of Qv—1).For M; =1, where V(t — 1) is

a vector,

I- wwl | for [|w]] >0,
Qv = |

I, otherwise,

(3.20)

where |[V(t — 1)|| = 1 and w = e 7OV {(t-="1) — e;; (is the phase of the first entry of V(t—1),
and e; =[1 0...0)T. For M; > 1, let L = N; — M, fot computing Qv (-1). L columns are
appended to V(¢ — 1) forming a square matrix M = [V (¢ — 1)E] and the appended columns
are

E=le,...e] (3.21)

where e, is the V; x 1 vector whose 7;th-entry. is-onie.and whose other entries are zeros.
Qv (t-1) is computed by orthogonalizing and normaling the columns of M. The indexes 7; for
j =1, ..., L are selected for the numerical stability of the orthogonalization and normalization
process. Let

g=(RV{E-1D) [+ |3(V(-1))])a (3.22)

where a is the 1 x M, vector with all entries equal to one; R() and () take the real and

imaginary parts of the inputs, respectively; | | takes the absolute values of the input matrix
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entry by entry. The ith element of the vector g is the sum of the absolute values of all the
real and imaginary parts of V(¢ — 1) on the same row. The entries of g are stored in an
increasing numerical order. If g; = g; and ¢ < j, then g; < g; is used in the order list. The

order list is

i, < ... < 8k, (323)

where k; for 1 = 1, ..., N; are row indexes of g. The first L indexes in the list are assigned to
the indexes 7; in E as

T = ]{Zj, fOI'j = 1, ,L (324)

The Gram-Schmidt orthogonalization and a normalization process are applied to the last

L columns of M column by column andzesult in Qy /=) as
For j=1:1L
For—k=1:17+ M, — 1

= *
YLrEm e PPN

End (3.25)
M . LLZES
TR | 71, ||
End
Qv =M

where my, is the kth column of M and my;5.is the zjth element of M.

The feedback matrix D(¢) is selected from a differential codebook. Denote the code-
book by D(N;, M, N,), where N, is the number of codewords in the codebook. The
codebooks D(2,1,4)and D(2,2,4) are listed in Figs. 3.18 and 3.19, respectively. Denote
D;(Ny, My, Ny,) the ith codeword of D(Ny, My, N,,). The rotation matrices Qp,(n,,m;,n,)S of

the D(Ny, My, N,,)s comprise a set of N; by N; matrices that is denoted by Qp(w,, N, )-
The differential codebook D(4,3, N,,) is computed from Qp,1,n,). The ith codeword of
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D(4,3, N,), denoted by D;(4,3, N,),

D;(4,3,N,) = Qi(4,1,N,) (3.26)

— O O O
o O O =
o O = O
O = OO

where Qi(4, 1, Ny,) consists of the last three columns of the sth matrix in Qpa,1,n,,). The dif-
ferential codebook D(4,4, N,,) is computed from Qp,2 n,). The ith codeword of D(4, 4, N,,)
is the ith matrix in Qpa2,n,). The differential codebooks D(8,5, Ny,), D(8,6, Ny), D(8,7, Ny)
are computed from D(8,3, N,), D(8,2,N,), and D(8,1, N,), respectively. The ith code-
words D;(8,5, N,), D;(8,6, N,), and D;(8,7, N,,) of D(8,5, N,,), D(8,6, N,), and D(8,7, N,),

respectively, are given by

00001 0 000
000010 00
000001 00
0000001 0]x
100 0-0 0 00
01 00O0O0O0O0
0010000 0]
[0 0.1 0°0 0 0 0]
0 0010000
00 0O0T1O0O00O0
00 0O0O0T1O0 0|4
0 00 000 01
1020 0 0 0 00
010000 0 0
(0 1.0 00 0 0 0]
001 0O0O0O0GO0
0001O0O0O0GO0
00 0O0T1O0O0 0|4z
00 0O0O0O0OT1TFP0
000O0O0O0OTO 01
100000 0 0

oo
ot



I S R

[2 0] [cos(15°) sin(15 )exp(j120)]T
2 [cos(15) sin(15°)]" 4 [cos(15°) sin(15°) exp(-j120)]"

Figure 3.18: D(2,1,4) codebook (from [10, Table 869]).

I N

[10;01] [cos(15°) sin(15°)exp(j120);
sin(15%)exp(j120) cos(15°) 1
2 [cos(15°) sin(15°); 4 [cos(15°) sin(15°) exp(-j120);
sin(15°) -cos(15°)] sin(15°) exp(-j120) -cos(15°)]"

Figure 3.19: D(2,2,4) codebook (from [10, Table 870]).

where Qi(& k, N,) consists of thedast 8 columns of the ith matrix in Q D@s.k,N,)- The differ-
ential codebook D(8,8, N,,) is computed from D(8,4, Ng). The ith codeword of D(8,8, N,)

is the 7th matrix in QD(&th).

3.7 Uplink MIMO Transmission Schemes. [10]
Again this section is mainly taken from [10}:

3.7.1 Uplink MIMO Architecture and Data Processing

The architecture of uplink MIMO at the transmitter side is shown in Fig. 3.1. The MIMO
encoder block maps a single MIMO layer (L = 1) onto M; (M; > L) MIMO streams, which
are fed to the precoder block. For SU-MIMO and collaborative spatial multiplexing (MU-
MIMO), only one FEC block exists in the allocated RU (vertical MIMO encoding at transmit
side).

The precoder block maps MIMO stream(s) to antennas by generating the antenna-specific
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data symbols according to the selected MIMO mode. The MIMO encoder and precoder
blocks shall be omitted when the AMS has one transmit antenna. The subcarrier mapping

blocks map antenna-specific data to the OFDM symbol.

3.7.2 MIMO Layer to MIMO Stream Mapping

MIMO layer to MIMO stream mapping is performed by the MIMO encoder. The uplink
MIMO encoder is identical to the downlink MIMO encoder.

Horizontal encoding (MEF = 0b10) is not supported for uplink transmissions. Collabo-
rative spatial multiplexing (CSM) is achieved with vertical encoding (MEF = 0b01) at the
AMS. The STC rate per AMS for uplink SU-MIMO and MU-MIMO (CSM) transmissions is
defined as R = M/Np. An AMS with. 1 transmit antenna shall use vertical encoding (MEF

= 0b01) for uplink transmissions.

Uplink SFBC encoding is identical-to the downlink SFBC encoding. SFBC encoding

format shall not be allocated to an AMS with 1 transmit-antenna.

Uplink vertical encoding is identical to the downlink vertical encoding. Vertical encoding

with 1 MIMO stream (M= 1) format shall be allocated to an AMS with 1 transmit antenna.

3.7.3 MIMO Stream to Antenna Mapping

MIMO stream to antenna mapping is performed by the precoder. The uplink mapping is

identical to the downlink mapping.
Non-adaptive Precoding

There is no precoding if there is only one transmit antenna at the MS. With non-adaptive
precoding, the precoding matrix is an N, x M; matrix W (k), where N, is the number of

transmit antennas, M; is the numbers of MIMO streams, and k is the physical index of
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SFBC CUL,OL,SU(Ntl M, Ny), M, =2
VE CUL,OL, su(N'a M, Nw)l M,=1,..,4

Figure 3.20: Codebook subsets used for non-adaptive precoding in UL DLRU and NLRU
(from [10, Table 921]).

SFBC Na

VE Ny = 2: Cpage 12, My, 4), M, = 1,2
Ny =4: Cpase uil4, My, 6), M, = 1,2,3,4

Figure 3.21: Codebook subsets used for non-adaptive precoding in UL SLRU (from [10,
Table 922]).

the subcarrier where W (k) is.applied. The matrix W is selected from a subset of size N,
precoders of the base codebook for a given rank. W belongs to one of the subsets of the base
codebook, according to the type of allocation, MEE, N, and M, as specified in Figs. 3.20
and 3.21.

In an RU allocated in-an AAI subframe and non-adaptive precoding, the matrix W
changes every N; Pse contiguous physical subcarriers according to Equation, and it does not
depend on the AAI subframe number. The N, x M, precoding matrix W (k) applied on
subcarrier kin physical subband s is selected as the eodeword of index ¢ in the open-loop

codebook subset of rank M;, where ¢ is given by
i=s modN,, s=0,...,Ngp—1, (3.30)

with N, denoting the number of physical subbands across the entire system bandwidth.
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Adaptive Precoding

There is no precoding if there is only one transmit antenna at the AMS. With adaptive
precoding, the precoder W is derived at the ABS or at the AMS, as instructed by the ABS.
With 2Tx or 4Tx at the AMS in FDD and TDD systems, unitary codebook based adaptive
precoding is supported. In this mode, an AMS transmits a sounding signal on the uplink to
assist the precoder selection at the ABS. The ABS then signals the uplink precoding matrix
index to be used by the AMS. With 2Tx or 4Tx at the AMS in TDD systems, adaptive
precoding based on the measurements of downlink reference signals is supported. The AMS
chooses the precoder based on the downlink measurements. The form and derivation of the

precoding matrix does not need to be known at the ABS.

3.7.4 Uplink MIMO ‘ITransmission Modes

There are five MIMO transmission modes for UL, MIMO transmission as listed in Fig. 3.22
and where the allowed yvalues of the parameters for each UL MIMO.mode are shown in
Fig. 3.23. M, refers to the number of MIMO streams transmitted from one AMS. In modes

3 and 4, N, refers to the number of transmit antennas at one AMS involved in CSM.

Mode 0 OL SU-MIMO SFBC Non-adaptive

Mode 1 OL SU-MIMO (SM) VE Non-adaptive

Mode 2 CLSU-MIMO (SM) VE Adaptive

Mode3 OL Collaborative spatial VE Non-adaptive
multiplexing (MU-MIMO)

Mode 4 CL Collaborative spatial VE Adaptive

multiplexing (MU-MIMO)

Figure 3.22: Uplink MIMO modes (from [10, Table 923]).
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MIMO mode O

MIMO mode 1

MIMO mode 1
and
MIMO mode 2

MIMO mode 3
and
MIMO mode 4

Number of
transmit
antennas

STC rate

per
MIMO
layer
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MIMO
streams

Number of
subcarriers

Number of
MIMO
layers

R R R R R P R R R R R R R R B -



| owu -m-nn-

MIMO mode 0

MIMO mode 1 Yes, with M, =2 Yes Yes
MIMO mode 2 Yes, with M, =2 Yes Yes
MIMO mode 3 Yes, with M, =1 Yes Yes
MIMO mode 4 Yes, with M, =1 Yes Yes

Figure 3.24: Supported permutation for each UL MIMO mode (from [10, Table 925]).

Consecutive symbols for each antenna at the output of the MIMO precoder are mapped
in a frequency domain first order across LRUs of the allocation, starting from the data sub-
carrier with the smallest OFDM symbol index and smallest subcarrier index, and continuing
to subcarrier index with increasing subcarrier index. When the edge of the allocation is

reached, the mapping is continued on the next OFDM symbol.

Fig. 3.24 shows the permutations supported for each MIMO mode.
Downlink Signaling Support of UL-MIMO Modes

The ABS shall send parameters necessary for UL MIMO operation in aunicast message. The
parameters may be transmitted depending on the type of operation: The unicast information
is carried in the UL basic Assignment A-MAP IE, UL Subband Assignment A-MAP IE, and
UL Persistent A-MAP IE. Fig. 3.25 speecifies the DIi“control parameters required for UL
MIMO operation.

Codebooks for Closed-Loop Transmit Precoding

The notation Chase,vr(Ne, My, NB) denotes the rank-A/; uplink base codebook, which con-
sists of 2¥8 complex matrices of dimension N, by M,, and M, denotes the number of

MIMO streams. The notation Chpusevr (N, My, NB, i) denotes the i'" codebook entry of
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romen_pseiion e _______tos__

MIMO encoding
format

SFBC
Vertical encoding

MIMO encoding format

CSM Collaborative Disabled or enabled SU MIMQOif CSM is disabled
Spatial MU MIMO if CSM is enabled
Multiplexing

Mt Numberif MIMO 1to4 Number of MIMO streams in
streams the AMS transmission

TNS Totalnumberof 1to4 Enabled when CSM is
MIMO streams in enabled
the LRU Indication of the total

number of MIMO streams in
the LRU

Sl First pilot index lto4 Enabled when CSM is

enabled.
1 bitfor 2Tx, 2bit for 4Tx

PF Precodingflag non-adaptive Cannotbeappliedto AMS

precodingor adaptive - with1 transmit antenna
codebook precoding

PMI PMIl indicator 0b0: the AMS shall Thisfield is relevant only

Indicator use the precoder of when PF indicates adaptive

rank M, of its choice codebook precoding.

Ob1: the indicated PMI indication = 0b0 may be

PMI of rank M, shall’ * “used in TDD

be used by the AMS When PMl indication=0b1,

for precoding the ABS selects the precoder
to use at the AMS

PMI Precodingmatrix 0to9 when N, =2 Enabled when PF indicates
indexin the UL Oto63when N, =4 adaptive codebook

base codebook

precoding, and PMI
indication =0b1.

Figure 3.25: UL MIMO control parameters (from [10, Table 926]).
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Cbase,UL(Nt7 Mt7 NB)

The base codebooks of SU-MIMO with two transmit antennas consist of rank-1 codebook
Chase,ur(2,1,4)and rank-2 codebook Chusevr(2,2,3). Fig. 3.15 is included to illustrate the
rank-1 base codebooks. The rank-2 base codebook Chuserr(2,2,3) for uplink 2 Tx is the

same as the downlink 2 Tx rank-2 base codebook

The base codebook for UL collaborative spatial multiplexing MIMO is the same as the
base codebook for SU-MIMO.
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Chapter 4

Equalization and Closed-Loop MIMO
Technology

In this chapter, we first introduce the system model and focus on precoding and equalization.
Then we include the feedback proeessing block. We propose two feedback processing method

and compare it with three other methods:

4.1 System Model

Fig. 4.1 depicts the considered system model. Information bits for subcarrier k£ are first
passed through the modulator and sent into the encoder. There are four different types
of encoder, but we will not discuss:them. After passing through the encoder, there are M

streams. Let s be the symbol vector at the encoder output as

S = [Sk718k72 Ce SkyM]T. (41)

{ MIMO N Precoder OFT +CP H 8 il Equalizer
Modulator Encoder E G Demodulator
IDFT +CP -CP DFT :

Figure 4.1: System model.
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For convenience, we assume that the M data streams are equally-powered and independent
to each other. That is, F[sgs;] = Iy which A* denotes complex-conjugate of matrix A. We
denote the precoder by F. F is an N; x M matrix. There are several precoder codebook

sets. The signal after precoding can be expressed as
X = FSk. (42)

where x; is a length N, vector and N; is the number of transmit antennas. We assume that
N; > M. Then we transform the signal vector to the time domain using IDFT and add
CP. Let the number of the receive antenna be N,.. We consider a multipath channel, whose

input-output relation in the frequency domain can be written as
yi = HFxX;, + ny,. (4.3)

where y;, is the received symbol vector, H is the V; X N,. channel matrix and ny, is the N, x 1
noise vector. We assume that the entries-of H are.independent and. identically distributed
(i.i.d.) and their distributions are complex normal with zero mean and.unit variance, denoted
by C'N(0,1). Similarly, the entries of mj arealsoi.i.d. and the distribution is C'N(0, Np).
After passing the signal over the channel, we remove the CP and tramsform the result back
to frequency domain. We consider twordifferent kinds of equalizer; zero-forcing (ZF) and

minimum mean-square error (MMSE). Let G be the M xN; equalizer matrix.

4.1.1 Linear Equalizer Matrix

Let F be the precoder matrix for multicarrier k£ and let Gy be the corresponding equalizer

matrix for the same subcarrier. The MSE matrix at the kth subcarrier is given by

Ek(Fk, Gk) é E[(ik — Xk)(ik — Xk)H] = GkHRyka + | I GkHHka — FkHHkHGk (44)

where Rx £ Elyyl] = HyF,FIHZ + R, . The MSE of the ith substream at subcarrier
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k is the ith diagonal element of E;, as given by
MSEy(Fy, gri) = [Erli = gﬁiRykgk,z- +1- gifinfk,i - f]ﬁ'Hlljgk,i (4.5)

where gy, ; is the ith column of Gj. To obtain the optimal receive matrix Gzp t, it suffices to

find Gy, such that each diagonal element of Ej is minimized. It follows that [11]
G = (HF.FIH! + R,,) "H,Fy. (4.6)

We set each symbol has the same precoder so the optimum equalizer for the MMSE equalizer
is given by

G = (HFF"H"” + R,) 'HF. (4.7)

On the other hand, the ZF equalizer can be derived as
G = (HF)!. (4.8)
In either case, the signal wector at the equalizer output is given by

X

GHFx + Gn. (4.9)

4.2 Precoder Selection Methods

We introduce several feedback-based methods for precoder selection in this section. Fig. 4.2
depicts the considered system model. Reference [14] proposed SVD-based search method
and [17] proposed optimal precoder selection method. We propose max minSNR-based search

method and MMSE-based exhaustive search method.

4.2.1 MaxminSNR-Based Search Method

In this method, We maximize the minimum SNR at the receiver antennas under MMSE or

ZF equalization. It can be thought as minimize the maximum symbol error rate (SER) at
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MIMO N Precoder 2 g Equalizer

Feedback
Processing

Figure 4.2: System model with feedback.

the receive antennas. The signal power per receive antenna can be expressed as
| gl HFx |*. (4.10)

The noise power is
T 08k 8 - (4.11)
The optimum precoding matrix F selected from the codebook C maximizes the minimum

SNR of at the receive antennas as

F = argmax min SNRy
F; k|F,

. |g/HFx | (412)
— argmaxmin ———~————
S o2 | glg |

where k is the index of the receive antennas, s the index of the precoder, and g is the

equalizer for kth receive antenna.

4.2.2 MMSE-Based Exhaustive Search Method

In this method, we minimize the mean square error (MSE) between X and X under the ZF
or the MMSE equalizer. We compare all possible precoders to find the best one in the source
that

minMSE:argn}?i_nHX—XHQ. (4.13)

For ZF equalizer, therefore,
min MSE = arg min ||(HF,)'HF.X + (HF,)'n - x|, (4.14)
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and for the MMSE equalizer,

min MSE = argmin |(HE.F/'H" + R,")HF,HF X + (HF.F/H" + R, ")HFn - x|
(4.15)
Then we will transmit the precoder index 7 back to the transmitter. The transmitter will
use this precoder to allocate the power. In this method, the computation of complexity is

high, because we have to evaluate all the precoders.

4.2.3 SVD-Based Search Method [14]

It was proved in [14] that for the ZF receiver, the optimum precoding matrix F selected from
the codebook C' maximizes the minimum singularwalue of HF. Reference [14] calls this the

minimum singular value selectioneriterion (MSV-SC), i.e.

F = argmaxp ccAmin {HE ) (4.16)
The optimum un-quantized precoder for MSV-SC has also been shownsin [14], [18]. Let the
singular value decomposition (SVD) of the channel matrix H be represented by
H= V. Y VE. (4.17)
Then, the optimum um-quatized precoding matrix for MSV-SC is
Fo = Vg, (4.18)

which is the first M columns of the right singular matrix V. In practice, the optimum
precoder shown in (4.18) is difficult to feedback. Using the criterion in (4.16), we can select
a precoding matrix from a codebook, and feed back the index to the transmitter. The
exhaustive search can be used to find the optimum precoding matrix in the codebook. If
the codebook size is L and the number of the subcarriers is N, we then have to conduct the

operation in (4.16) for LN times. The required computational complexity can be very high.
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We will attempt to minimize the degradation in channel power introduced by quantizing

the precoder |HF . ||% — |[HF||3. where ||| is the Frobenius matrix norm. Note that
|HE |3 — [HF [}, = tr(SX") — tr(SVHFFIV,57)
<tr(TX") — tr(EVr FFIV,ET)
] ) (4.19)
<N AHMr(Iy — VEFFIVE)

1. - _
= 02, (H) | VRVl FEe

max

where the second line follows from setting ¥ equal to the first M columns of 3, the third
line results from substituting A,,..{H} for the other nonzero singular values, and the last
line cover from an alternative representation for subspace distance [14]. We will therefore

design codebook F by attempting to minimize the distortion metric

: Lo N H Hy 2
Evplgmin | liVa Vg FF ) (4.20)

where Vg is isotropically.distributed—on & (M, M). Matrices in U(M;, M) can be char-
acterized as representing=M-dimensional subspaces of the complex M;-dimensional vector
space. Thus [14] will adept the common Grassmannian packing notation and define the set
of all column spaces of the matrices in U (M M) to-be the complex: Grassmannian space
G(M;, M,C). Thus if Fy,Fy € U(M; M) then column spaces of F; and Fy, P; and P,
respectively, are contained in G(My; M, C). The chordal distance between two subspaces P;
and P, is [1]
1

\/§||F1F11H — F.FY|

dchordal (Fl ) F2) =

v (4.21)
= | M =D NHFIF,}.
1=1

Reference [14] use this sub-optimum codeword selection criterion which minimizes the

chordal distance between the chosen codeword and the ideal (un-quantized) optimum pre-
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coder, i.e.,

F = arg P{Hércl: dchordal(Fia Fopt)~ (422)

Simulation results show that this criterion can perform comparably to the MSV-SC criterion.

4.2.4 Optimum Precoder Selection [17]

To obtain the set of transmit matrices {Fy}, reference [17] now consider the minimization of
an arbitrary objective function of the diagonal elements of MSE. The MSE can be expressed

as

MSEy; = [+ F/HR, "H,F;,)™'];
B 1 (4.23)
1 fHHIR, H

The minimization of arithmetic mean of the MSEs was considered in few papers. The

objective function is

fo({MSEz}) = XM S Ey). (4.24)

ki

When fy is Schur-concavey then precoder F is

F L UHJEFJ (425)

where Ug; € C"7*L has as columns the eigenvectors of Ry €orresponding to the L largest
eigenvalues in increasing order, and Lz, = [0diag({or:})] € CF*F has zero elements, except
along the rightmost main diagonal. This objective function is Schur-concave on each carrier

k. Therefore, the diagonal structure is optimal. The problem in convex form is

1
min —s.t. ks < Prand 2, > 0,1 < k<N, 1<i< L. 4.26
{zni} 4= 14 Apizhe ; =T " g ( )

For simplicity of notation, reference [17] define z,; = Op2. and \p; = Am,, This partic-

ular problem can be solved very efficient by because the solution has a nice water-filling
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interpretation (from the KKT optimality conditions):

N (T W (4.27)

)

—-1/2

where p is the waterlevel chosen to satisfy the power constraint with equality.

4.2.5 Matrix Computation Complexity

In the design of signal processing algorithms, an analysis of the required number of flops is
often derivable. Where a flop means a floating point operation. In this regard, a dot product
of length n vectors is considered to require 2n flops because there are n multiplications and
n adds. We derive the expressions for the number of needed flops that the equalization in
the CL MIMO requires. Fig. 4.3 gives the flop counts of some common matrix operations

[16].

In an order of magnitude study, we-often throw away the lower order terms since their
inclusion does not contribute to.the overall flop count. But if the n isssmall, we have to keep
the all the terms. This happens to be our case. We list the total flopreounts per subcarrier

in Fig. 4.4.

We can see that optimum precoder performs ‘well in complexity because it does not

have a complex computation flow. “Also we can see that ZF equalizer is much easier than

Matrixmultiplication 2mnr
Golub-ReinschSVD (U, 2.V) 4AmZn+8mnZ+9n3
Golub-ReinschSVD (2,V) 4m?n+8n3
Inverse matrix (Gaussian Elimination) 2n3/3
Eigenvalue 2n3/3

Figure 4.3: Number of flops of different matrix operations [16].
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MMSE equalizer. SVD-based and max minSNR-based search method have less complexity
in high order matrix. We can have a conclusion that if the matrix size is low, we can use
the MMSE-based search method. When the matrix size is high, we use SVD-based and

max minSNR-based search method.

Total flop per | Total flop (n=2) | Total flop (n=4) | Total flop (n=8)
subcarrier

8n3/3 64/3 512/3 4096/3
ZF, SVD-Based 116n3/3+4n? 976/3 7616/3 60160/3
ZF, MMSE-Based 136n3/3+8n2 1300/3 9088/3 71168/3
ZF, MaxminSNR 128n3/3+16n%+ 1456/3 9344/3 69280/3

24n+32

ZF, Optimum 44n3/3+n? 364/3 2864/3 22720/3
precoder Tt T T
MMSE 20n3/3“‘M" 13283 10432/3
MMSE, SVD- 128 1084/ 3 2/ 66496/3
Based
MMSE, MMSE- 102848/3
Based I .

MMSE,
MaxminSNR

MMSE, Optimum On3 {932 - 27328/3
precoder

Figure 4.4: " Number of flops per subcarrier-of each method.

3+2 94624/3

102



Chapter 5

Downlink MIMO Simulation for IEEE
802.16m

In this chapter, we use two different equalizers and four closed-loop MIMO technologies in the
downlink transmission for IEEE 802.16m. The two equalizers are ZF and MMSE equalizer.
We evaluate the performanece of each-approach mainly via mean square error (MSE) and

symbol error rate (SER).

5.1 System Parameters and Channel Model

Table 5.1 gives the primitive and derived parameters used in our simulation work.

Channel model considers parameters specific to 802.16mincluding bandwidths, operating
frequencies, cell scenario, and multi-antenna configurations. Both system level and link level
models are described in detail with a purpose of fulfilling the needs to conduct effective link-
and system-level simulations that can generate trustworthy and verifiable results to assess
performance related to the 802.16m system requirements. Channel models for evaluation
of IMT-Advanced candidate radio interface technologies [6]. We use the Suburban macro-
cell model. The parameter are in Fig. 5.1. The root-mean-square (RMS) delay spread of

Suburban macrocell channel is 75.7485 ns.
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Delay [ns] Power [dB] AoD][ "] AoA["°]
[dB]

1 10 30 52 -7.0 -13.0
2 25 -7.5 13 -71 -20.5
3 35 -10.5 -15 -84 -23.5
4 35 -16.2
5 45 -16.1
6 65 -27.0
7 65 -19.4
8 75 -16.1
9 145 -17.6
10 160 -21.0
11 195 -20.2
12 200 -16.1
13 205 -22.5
14 770 -35.4

Cluster ASgs=2°
Cluster ASys = 10°

Figure 5.1: Suburba c [9].
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Table 5.1: OFDMA Downlink Parameters

Parameters Values
Bandwidth 10 MHz
Central frequency 3.5 GHz
Nused 865
Sampling factor n 28/25
G 1/8
NFFT 1024
Sampling frequency 11.2 MHz
Subcarrier spacing 10.94 kHz
Useful symbol time 91.43 us
CP time 11.43 us
OFDMA symbol time 102.86 us
Sampling time 44.65 ns

5.2 Simulation Results for IEEE 802.16m

5.2.1 Simulation Flow

We assume perfect synchronization and omit it in our simulation. For-data transmission, we
do not do FEC and DeFEC. After equalization, we calculate the MSE between the true signal
and the received signal, where the average. is taken over all the subcarriers. The symbol error
rate (SER) can also be obtained after demapping. “Qur simulation does not consider IEEE
802.16m frame structure in Fig. 5.2. Precoder changes per frame in 16m, so it changes per
5 ms. We use per symbol simulation in Fig. 5.3, so.it-¢hanges per 102.67 us. Therefore the
mobile speed 120 km/h in our simulation is equivalent to 4.94 km/h in IEEE 802.16m frame
structure. The running time for real IEEE 802.16m frame structure will take very long time
so we use the per symbol simulation. We also calculate that per symbol simulation changes
channel faster than per frame simulation so the per frame simulation might have better
performance than per symbol simulation. For MMSE-based feedback scheme with MMSE

equalizer simulation with two transmit antennas and two receive antennas, the simulation
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time needs 46000 s.

P Superframe: 20ms (4 frames, 32 AAl subframes)
-

v

UL/DL PHY Frame 5ms (8 subframes)

FO F1 F2 | F3
~
~ \
o
. Switching points for DL:UL=5:3  \
~ r~
- s \
o TG / -~ \ RTG
e ~
- 4 T A A/
DL DL DL DL DL uL UL uL
SFO(6) SF1(6] SF2(6) SF3(6) SF4(5) || SF5(6) | SF6(6)| SF7(6)
_ e T - ~ "
AAl subframe lepgth= 5Tull OFDMA symbols = 0.5T4ms 7 ~
o= < P ™~

' 1 subframe length = 6 full OFDMA s! mb?:Ts = 0617ms
S0 I s1 I s2 s3 S4 [AN g y ~

S0 S1I52I33IS4I55
Type-3 AAl subframe B

Type-1 AAl subframe

cP=1/8 T,

Figure 5.2: IEEE 802.16m TDD frame structure for 10 MHz [9].

E R

OFDMA Symbol: 102.857 ps

Figure 5.3: TDD structure for 10 MHz:

5.2.2 Validation with AWGN Channel

Before considering multipath channels, we do simulation with an AWGN channel to walidate

the simulation model. We validate this model by MSE and SER curves resulting from

simulation. We simulate a system where FFT size = 1024, bandwidth = 10 MHz, TDD

frame length = 5 ms, DL subframe size = 1 preamble + 28 OFDM symbols, and 48 PRUs

are used in DL transmission. In Fig. 5.4, the theoretical symbol error rate (SER) curve
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versus F; /Ny for uncoded QPSK are plotted together with the SER curve resulting from the
simulation. We can see the SER curve of our system approaches the theory one. Fig. 5.4
shows the mean square error (MSE) curve resulting from the simulation versus F/Np, and
we can see our system model maintains a close to —1 slope in MSE throughout the simulated

range of SNR. Here, the E,;/Ny means the data power divided by the noise power.

5.3 Simulation Results for Single-Path Channels

Figs. 5.5-5.9 show the MSE and SER with ZF equalizer and different feedback methods at
different velocities and SNR values in Suburban channel. Figs. 5.10-5.11 show the perfor-
mance of ZF equalizer with different feedback methods.at velocities of 30 and 120 km/h. We
can see that MSE with ZF equalizer are relatively close.in different feedback method. This

is because ZF equalizer can not cancel the MSE.

Figs. 5.12-5.16 show the MSE and-SER with-MMSE ‘equalizer and different feedback

methods at different velocities and SNR values in Suburban channel.

Figs. 5.17-5.18 show'the performance of different feedback methods at velocities of 30
and 120 km/h. We can see that both MSE and SER have the same curve. This is because
the MMSE equalizer is finding the minimum mean square error.and it also can be seem
worked in SER. The optimum precoder method leads_all the methods because it use the
sounding method to transmit back the best precoder. We also compare all the methods in
ZF and MMSE equalizer. MMSE equalizer leads the ZF equalizer both in MSE and SER.
This is because ZF equalizer has the noise enhancement problem. Also both ZF and MMSE
equalizer can achieve diversity one. We can see in the SER simulation that ZF equalizer with
Optimum precoder has better performance in low SNR and MMSE equalizer with Optimum

precoder has better performance in high SNR.
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Figure 5.4: MSE and SER for QPSK resulting from simulation compared with theory in
AWGN.
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Figure 5.5: MSE and SER for QPSK using ZF equalizer with no feedback in Suburban
channel.
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Figure 5.6: MSE and SER for QPSK using ZF equalizer with SVD-Based search feedback
in Suburban channel.
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Figure 5.7: MSE and SER for QPSK using ZF equalizer with MMSE-Based exhaustive
search feedback in Suburban channel.



) ZF equalizer with MaxminSNR-Based feedback
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Figure 5.8: MSE and SER for QPSK using ZF equalizer with MaxminSNR-Based search
feedback in singlepath Suburban channel.
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Figure 5.9: MSE and SER for QPSK using ZF equalizer with Optimum precoder feedback
in Suburban channel.
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Figure 5.10: MSE and SER for QPSK using ZF equalizer with different feedback methods
at 30 km/h in Suburban channel.
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Figure 5.11: MSE and SER for QPSK using ZF equalizer with different feedback methods
at 120 km/h in Suburban channel.
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Figure 5.12: MSE and SER for QPSK using MMSE equalizer with no feedback in Suburban
channel.
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Figure 5.13: MSE and SER for QPSK using MMSE equalizer with SVD-Based search feed-
back in Suburban channel.
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Figure 5.14: MSE and SER for QPSK using MMSE equalizer with MMSE-Based exhaustive
search feedback in Suburban channel.
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Figure 5.15: MSE and SER for QPSK using MMSE equalizer with MaxminSNR-Based search
feedback in Suburban channel.
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Figure 5.16: MSE and SER for QPSK using MMSE equalizer with Optimum precoder
feedback in Suburban channel.
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Figure 5.17: MSE and SER for QPSK using MMSE equalizer with different feedback methods
at 30 km/h in Suburban channel.
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Figure 5.18: MSE and SER for QPSK using MMSE equalizer with different feedback methods
at 120 km/h in Suburban channel.
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Figure 5.19: MSE and SER for QPSK using ZF and MMSE equalizer with different feedback
methods at 30 km/h in Suburban channel.
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Figure 5.20: MSE and SER for QPSK using ZF and MMSE equalizer with different feedback
methods at 120 km/h in Suburban channel.



5.4 Simulation Results for Multipath Channels

Figs. 5.21-5.34 show the simulation with two transmit antennas and two receive antennas.
Figs. 5.21-5.25 show the MSE and SER with ZF equalizer and different feedback methods
at different velocities and SNR values in Suburban channel. Figs. 5.26-5.27 show the per-
formance of ZF equalizer with different feedback methods at velocities of 30 and 120 km/h.
We can see that MSE with ZF equalizer are relatively close in different feedback method.

This is because ZF equalizer can’t cancel the MSE.

Figs. 5.28-5.32 show the MSE and SER with MMSE equalizer and different feedback

methods at different velocities and SNR values in Suburban channel.

Figs. 5.33-5.34 show the performance of different feedback methods at velocities of 30
and 120 km/h. We can see that both MSE and SER have the same curve. This is because
the MMSE equalizer is finding the minimum mean square error-and it also can be seem
worked in SER. The optimum precoder method leads all the methods because it use the
sounding method to transmit back the best precoder.. Also both ZF and MMSE equalizer
can achieve diversity one. We also compare all the methods in ZKE and MMSE equalizer.
MMSE equalizer leads the ZE equalizer both in MSE and SER. This is because ZF equalizer

has the noise enhancement problen.

Figs. 5.37-5.39 show the MSE.and SER.with ZE equalizer using 4 transmit antennas and

4 receive antennas. We can see that SER c¢an achieve diversity order three.

Figs. 5.40-5.40 show the MSE and SER with ZF equalizer using different antennas and
different feedback selection methods. We can see that 4 antennas outperforms 2 antennas.

And optimal precoder method with 4 antennas has more coding gain than 2 antennas.
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Figure 5.21: MSE and SER for QPSK using ZF equalizer with no feedback in multipath
Suburban channel.
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Figure 5.22: MSE and SER for QPSK using ZF equalizer with SVD-Based search feedback
in multipath Suburban channel.
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Figure 5.23: MSE and SER for QPSK using ZF equalizer with MMSE-Based exhaustive
search feedback in multipath Suburban channel.
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Figure 5.24: MSE and SER for QPSK using ZF equalizer with MaxminSNR-Based search
feedback in multipath Suburban channel.
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Figure 5.25: MSE and SER for QPSK using ZF equalizer with Optimum precoder feedback
in multipath Suburban channel.
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Figure 5.26: MSE and SER for QPSK using ZF equalizer with different feedback methods
at 30 km/h in multipath Suburban channel.
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Figure 5.27: MSE and SER for QPSK using ZF equalizer with different feedback methods
at 120 km/h in multipath Suburban channel.
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Figure 5.28: MSE and SER for QPSK using MMSE equalizer with no feedback in multipath
Suburban channel.
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Figure 5.29: MSE and SER for QPSK using MMSE equalizer with SVD-Based search feed-
back in multipath Suburban channel.
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Figure 5.30: MSE and SER for QPSK using MMSE equalizer with MMSE-Based exhaustive
search feedback in multipath Suburban channel.
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Figure 5.31: MSE and SER for QPSK using MMSE equalizer with MaxminSNR-Based search
feedback in multipath Suburban channel.
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Figure 5.32: MSE and SER for QPSK using MMSE equalizer with Optimum precoder
feedback in multipath Suburban channel.
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Figure 5.33: MSE and SER for QPSK using MMSE equalizer with different feedback methods
at 30 km/h in multipath Suburban channel.
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Figure 5.34: MSE and SER for QPSK using MMSE equalizer with different feedback methods
at 120 km/h in multipath Suburban channel.
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Figure 5.35: MSE and SER for QPSK using ZF and MMSE equalizer with different feedback
methods at 30 km/h in multipath Suburban channel.
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Figure 5.36: MSE and SER for QPSK using ZF and MMSE equalizer with different feedback
methods at 120 km/h in multipath Suburban channel.
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Figure 5.37: MSE and SER for QPSK using ZF equalizer with SVD-Based search feedback
in multipath Suburban channel with TX4 RX4 Rank2.
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Figure 5.38: MSE and SER for QPSK using ZF equalizer with MMSE-Based exhaustive
search feedback in multipath Suburban channel with TX4 RX4 Rank?2.
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Figure 5.39: MSE and SER for QPSK using ZF equalizer with Optimum precoder feedback
in multipath Suburban channel with TX4 RX4 Rank2.
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Figure 5.40: MSE and SER for QPSK using ZF equalizer with different feedback methods
at 30 km/h in multipath Suburban channel with TX4 RX4 Rank?2.
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Figure 5.41: MSE and SER for QPSK using ZF equalizer with different feedback methods
at 120 km/h in multipath Suburban channel with TX4 RX4 Rank?2.



Chapter 6

Conclusion and Future Work

6.1 Conclusion

We first introduced the IEEE:802.16m specifications about basic structure and MIMO
system. We considered joint.design at both end of the dinks and introduced two classes of
linear equalization: Zero-forcing equalizer-and Minimum-mean-square-error equalizer. Then
proposed two methods for closed-loop-MIMO precoder selection and compared with other two
methods in singlepath and multipath. We also considered the complexity of each methods.
MMSE equalizer with optimum precoder-based feedback has out performence than other
feedback methods. When we used the limited feedback-channel, MMSE equalizer with SVD-

based feedback has lower complexity and almost the same performance.

6.2 Future Work

There are several possible extension for our research:
e Consider multiuser MIMO system.

e Consider different STC rate.

e Do channel estimation and analyze the impact of the estimation error in MIMO system.
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e Consider channel coding and turbo processing for MIMO system.
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Chapter 7

Using Matlab to Generate MIMO
Channel

In this chapter, we introduce the communication-toolbox in matlab.

7.1 System Parameters

N, is the transmit antennas

N, is the receive antennas

T, is the sample time of the input signal, in seconds

Fy is the maximum Doppler shift, in Hertz

TAU is the row vector of path delays

We first call matlab command mimochan to generate the MIMO channel coefficient.
chan = mimochan(Ny, N, Ts, Fq, TAU) (7.1)
Then, we use matlab command filter to call MIMO channel

y = filter(chan, z) (7.2)
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where z is the transmit signal and y is the receive signal after passing the channel.

When we use filter, the size of channel affect the running time. If the channel matrix is
8 x 8, the running time is very big. So we need to take care that if the channel matrix is

big, we need more time to run the simulation.
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