SRAFEREE W o
B15% 63, 2010. 6. 2010-15-6-3-2

Cross—-Layer Optimized Resource Allocation Scheme for
OFDMA based Micro Base Stations
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Abstract

In this paper, a joint PHY-MAC layer optimized resource allocation scheme for OFDMA based
micro base stations is investigated. We propose cross-layer optimized two-stage resource allocation
scheme including cross-layer functional —descripion and control information flow  between
PHY-MAC layers. The proposed two-stage resource allocation scheme consists of a user grouping
stage and a resource allocation stage. In the user grouping stage, users are divided into a macro
base station user group and a micro base station user group based on the PHY-MAC layer
characteristics of each user. In the resource allocation stage, a scheduling scheme and an allotment
of resources are determined. In the proposed scheme, diversity and adaptive modulation and coding
(AMC) schemes are exploited as schedulers. Simulation results demonstrate that the proposed
scheme increases the average cell throughput about 40780 % compared to the conventional system
without micro base stations.
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| . Introduction

To enhance the system performance of a next

generation  wireless access network,
supplementary been
and investigated. Recently, femto-cells or micro base
studied to cover the
shadowing area and cell boundary area. One of the
introduce  the

stations to the conventional cellular system

many

technologies  have proposed

stations have been actively

micro  base
is the
station
and a micro base station in a cooperative manner. In
this  paper,
station in

challenging  issues to

resource allocation between a macro base

a base
Each

user should be assigned to a macro or micro base

a macro base station means

the conventional cellular systems.
station by the resource allocation scheme in the way
Another

allocation

of achieving the maximum cell throughput.
important
scheme is a PHY-MAC cross-layer optimized design.
should
physical (PHY) layer issues such as channel quality,
frame structure, and adaptive modulation and coding
(AMC) (MAC)
layer issues such as faimess and quality of service
(QS). In orthogonal frequency  division
(OFDMA)  systems, PHY
such as quality is used to
subcarrier  allocation to increase  throughput and
reduce outage probability. Especially, the PHY layer
throughput can be increased using adaptive modulation
and coding scheme since the channel quality of each
user is fraquency sdective AMax CF7 dgoithm is  the
represartative  resource  allocation  scheme  to  maximize
the PHY layer throughput [1]. It assigns the radio
best channel

issue to develop a resource

A resource allocation  scheme consider

as well as medium access control
multiple

access layer information

channel criteria  of

resources to a wuser which has the
quality in a user group. However, from the aspect of
MAC layer, the performance of a resource allocation
scheme is determined by the MAC layer metric such
as the required QoS or fairness. Therefore, the PHY
layer oriented algorithms [11[2] lke max C/7 are
not appropriate to meximize the MAC layer performance.

Roud robn (BR) and nodified max 7 agorthns
[BI5] are proposed to overcome this problem. These
algorithms have better MAC layer performance but
show worse PHY throughput compared to max C/1.
Therefore, to achieve the high system performance of
either layer, it is necessary to design PHY-MAC
optimized
Recently, many ideas have been proposed to resolve
[61-1121.
have several problems to apply to the

cross-layer resource  allocation  scheme.

previous ~ works

interested

this  problem However,
systems of this paper. First, in the previous works,
a micro base station has not been considered in
resource allocation algorithms. Second, a user selection
scheme, which selects users from a scheduling pool
in the way of achieving the maximum performance,
has not been clearly presented in the conventional
algorithms.  Finally, the
implementation has not been considered in the
works. In [13], IEEE 80216 OFDMA
which  considers PHY-MAC
protocol, was proposed. The
[13] shows that the MAC
highly effects on the performance of PHY
Especially, it
allocation can improve the average cell throughput
by 2% T 65%.
example of a cross-layer designed simulator,
propose  a cross-layer  optimized
allocation algorithm. In addition, it didn't
the cellular with  micro

Therefore,

practical aspect for the
previous
simulator, cross-layer
simulation results in
layer protocol design
layer.
shows that the cross-layer resource
Even this paper provided a good
it didn't
novel resource
consider
systems base  stations.
this paper proposes a novel PHY-MAC
allocation scheme that

crossflayer resource

adequately considers the deployment of the micro
base stations and the «cross layer optimization
between PHY and MAC layers based on the results
in [9l. The
provides  an grouping  method,
PHY-MAC cross-layer function, and information flow

design to optimize the proposed resource allocation

proposed resource  allocation  scheme

efficient ~ user

scheme.
The paper is organized as follows. In Section II,

we present the proposed cross layer resource
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allocation scheme and cross layer functional design  AMC level index.
results. In Section III, simulation results will be
explained in  detail.  Finally, we conclude with a 22 Cross-layer function design and interlayer

summary in Section IV.

Il. The Proposed Cross-Layer
Optimized Resource Allocation Scheme

2.1 System model

The interesting system of this paper is a cellular
systems deployed macro and micro base stations
which adopt OFDMA  technologies.

station is a small size base station deployed in an

A micro base

office or home. Fig. 1 depicts the typical deployment
scenarios of micro base stations. It can be deployed
boundary of
adjacent cells. A micro base station can cooperatively

mside a cell or overlapped on the

communicate  with the conventional cellular base
stations. In addition, it will cover a micro (e. office
or home) cell which consists of fixed devices or low
speed mobile devices. The fixed or low speed mobile
devices communicate under the
It means that the AMC can be aggressively used to

improve the cell throughput in a micro base station.

low error channels.

Therefore, we assume that the system has two types
of data channel such as AMC channel and diversity
channel. The AMC channel based on OFDMA is used
for low speed and high SNR users near the desired
base station. The AMC channel can be considered as
a set of subbands that consist of variable number of
symbols and subcarriers. However, diversity channel
is used for
users with high mobility or low SINR users in cell
boundary. To classify the user groups
station,
feedback their signal to noise and interference ratio
(SINR) to the Especially, the AMC
users feedback their channel quality information of
all  subbands on quality (CQD
Feedback is channel matrix or

using fast or slow frequency hopping

in a base

it is assumed that every users periodically

base stations.

channel index

channel. information

control information flow

Fig. 2 shows the proposed PHY-MAC function
block and corresponding information flow for efficient
cross-layer resource allocation. The proposed user
grouping and resource allocation stages are MAC
layer function as shown in Fig. 2. For efficient
allocation, these function blocks gather
PHY and MAC layer control information from Control

Intornmation Controller and MAC-¢ controller; respectively.

resource

() Deployment scenario 2
Fig 1. Feature Detection Process and Result

Control  Information Controller is a PHY
function  block.

layer

It generates and manages various
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PHY information
quality, velocity, and location. On the other hand,
MAC-¢ controller is a MAC layer function block and
MAC layer
QoS, etc.
implementation,

layer  control such as channel

controls control  information such as

fairess, From the aspect of the
between PHY and MAC
layers also should be defined to support efficient

PHY-MAC integration.

primitives

2.3 Cross-layer protocol for CQl feedback

One of the most important functions to implement
an efficient resource allocation scheme is a CQI
feedback. To optimize the performance of the
proposed resource allocation scheme, we design a
cross-layer CQI  feedback protocol. In  OFDMA
systems, the condition of uplink (UL) and downlink
(DL) channels should be considered in scheduling for
the purpose of increasing throughput. For this
I[EEE 80216 defines UL  control
Based on these channels, we
propose a cross-layer protocol for CQI feedback as
shown in Fig. 3. This figure PHY-MAC
primitives, the cross-layer protocol sequence of the
CQI feedback for DL channel measurement, and the
UL  sounding
All AMC subchannel wusers that have a transport
connection (CID)  should  periodically
transmit a DL channel measurement report on
CQICH. To construct a CQI feedback message, the
MAC layer needs to receive channel
results from the physical layer. Primitives such as
CQI-MSGrequest and CQI-MSGresponse in the DL
CQI feedback of Fig. 3 are used for this purpose.
Once a CQI feedback message is constructed in MAC
layer of a mobile station , it is transmitted to MAC
layer of a base station on CQICH. This information
is exploited in scheduling and resource allocation.
The UL sounding in Fig. 3 shows the transmission
sequence of the UL sounding signal. UL sounding is
a kind of UL pilot signal and is defined to support

reason, variable

channels. control

shows

signal for UL channel measurement.

identifier

measurement

MAC-d flows
|
n MAC-c
MSer grouping stage \ controller
‘ User Grouper ‘ |
I T T T MAC Control
1 1 1 1 Information
Macro BS Macro BS Micro BS Micro BS <
user group | | user group user group | | user group
(AMC) (Diversity) (AMC) (Diversity)
\ . > ’l — / BHY
iy 5 N Control
Resource al{ocati e Infolmation
w”
Diversity Channel AMC Channel [
Resource Controller Resource Controller
MAC
PPDU Controller Control Inlormatlon
Controller
PHY

Fig 2. Cross-layer function design and information flow

DL CQl feedback

MAC
layer

Ms PHY PHY 8 MAC
layer layer layer

{«—— MAP message

[«<—— MAP message-

[« MAP message
Identify QI channel

CQI-MSG.request
[ (cal messageqmode) il

CQI-MSG.response
[*~ (CQl message mode) |
[ cQl message

(CQI message mode) | CQl message |
[ (CQl channel) — "

CQl message ——»

UL sounding

‘ MAC

ms PHY PHY
layer

L5 MAC
layer layer

[«—— MAP message

|«—— MAP message——

[«<—— MAP message
Identify CQI channel

CQI-SOUNDING.request _ |

[~ (channel sounding mode) | Sounding signal _J

[ (sounding regian) |

- CQI-SOUNDING.indication »|

Fig 3. Cross-ayer protocol for CQl feedback

smart antenna or MIMO in &0216e. If an MS
confirms its sounding channel allocation in a UL_MAP
message, an MS MAC layer sends a SOUNDING.request
primitive to an MS PHY. Then an MS PHY sends a
sounding signal on the allocated UL sounding region.
A BS signal to
measure the quality of the UL channel and translate
the measured UL quality
assumption of time division duplex (TDD) reciprocity.

can use the received sounding

channel under  the
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2.4 PHY-MAC cross-layer
scheme

resource allocation

The proposed two-stage resource allocation scheme
user grouping stage and
allocation stage as shown in Fig. 4. In user grouping

consists  of resource
stage, users are assigned to a macro BS or a micro
BS according to the quality and QoS
requirements. In resource allocation stage which is
based on the result in [9],
subcarriers are allocated to each user. The details of

channel

subchannels  or

each stage will be explained in the following section.

24.1 User grouping stage

In wser grouping stage, users are classified into a
macro BS user group and a micro BS user group in
which users receive the radio resources from a macro
BS and a micro BS, help a BS
classify  the groups, periodically
estimates its channel quality and reports it to the
Base stations,
from

respectively.  To

user each user

adjacent base stations. which receive
quality

appropriate  group for each user.

determine  an
SINR

used as a criterion to classify the user groups. Once

the  channel USErs,

is  mainly

the users are assigned to a macro or micro base
station, then users in each group are subdivided into
AMC chamnel and diversity channel users based on
PHY-MAC cross-layer characteristics such as QoS
velocity, and quality.
Diversity channel is allocated to diversity channel
users that are located on cell boundary or have high
speed. For the diversity channel users, AMC level is
In the proposed

channels  are

requirements,  user channel

fixed during one scheduling cycle.
scheme, AMC
assigned by two steps. In the first step, to guarantee
required QoS, resources are allocated to high
priority users. In the step,
available resources after the first step, the resources
are allocated based on the quality  to
maximize the first

resource  allocation

second if there are
channel
system throughput. For step,
user scheduling or ordering mechanism is needed. To

determine the optimal subset of users for transmission,

we propose a user ordering criteria. Every scheduling
epoch t, the scheduler forms the following metric for

all active users (=1,2,-+,k):

oc Si@) G0
wizﬂ'laH’ '(l_ﬂyim)'”s ! Ty “
.......... )
where m(=1), #A<1), z{<1), and z=1) are
positive empirical constants. 7; is the time when

was last scheduled. £A2 is
queue size for user 7/ at time ¢ £ is the average
0C/0H; denotes the sensitivity of user
to the sum capacity[14l. C(O is the
current supported data rate for user 7 at time £ G is
with

@& > Puesia are pre-selected for resource allocation

user 1 the remaining

queue  size.

I's  channel

the average data rate for user 7 Users

during time epoch £

‘ User grouping stage ‘

Refer to the MAC Layer Info (User QoS) & PHY
Layer Info (SINR, Velocity, Location)

User Grouping
(macro BS user group and micro BS user group)
[

‘ Resource allocation stage ‘

I !

Refer to the MAC Layer Info
Refﬁ;ﬁmﬁgm (required min rate) &
PHY L Info (CQl
(QoS, Fairness) & ayer Info (CQI)
PHY Layer Info (CQlI) v

[Guarantee required QoS]
Resource Allocation for High
Priority AMC Users
(subband + AMC level)

Remaining Resource?

Y

v
Refer to the PHY Layer Info
(CQl) for AMC Users

Resource Allocation
(Hopping Pattern +
Modulation Order)

N

[Maximize throughput]
Resource Allocation
by AMC Controller
(subband + AMC level)
]

End

Fig 4. The proposed resource alocation scheme
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24.2 Resource allocation stage

In resource allocation stage, subbands in the
diversity channel and the AMC channel are allocated
to selected user.

For the diversity channel, one or

more hopping patterns are assigned to  diversity

channel users according to their PHY-MAC layer
information ~ such  as  channel  quality, QoS
requirements, and fairness. For AMC channel, we

select an AMC subbands for pre-selected user K
based on the following criterion:

Subband ; = argmax (max(MCS, , —MCS,)))

j=L..N =M (2)
where MCS;; means modulation and coding level of
user /'s subband j j is a subband index and 7 is an
user index. N and M are the number of subbands
and users in the system, respectively. If we still
have unused AMC subbands after the previous step,
the remaining resources are allocated to AMC users
according to the AMC schemes such as wafter—fliing
[2] or max C/I [1] to maximize throughput.

I11. Performance Evaluation

3.1 System model

To evaluate the
resource allocation scheme, computer simulators —are
modeled. We firstly compare the performance of the
proposed scheme to the max C/7 [1] and the round
robin (RR) [3] in terms of cell throughput. For the
fair comparison, a micro base station is not included
i the this simulation. In the second simulation, we
investigate the effect of the
cell throughput. In this
simulation, we compare the cell throughput of the

performance of the proposed

deployment of micro

base stations on the

proposed scheme without and with micro base

stations which are deployed hy the typical scenarios
as shown in Fig. 1. The simulation parameters are
given in Table 1. In the simulation, OFDMA cellular
systems are basic

assumed where a resource

subband that is a set of
subcarriers. In addition, we assume that AMC users
send CQI for all subbands
consider three traffic types which require high data

rate, medium data rate, and no constraint on the

allocation unit 1is a

without error. We

data rate, respectively.

Table 1. Smulation parameters

Parameter Value

Bandwidth 20 MHz

# of subcarier/symbol 1024

# of symbolfframe 50

# of subcarier/subband 132

Downlink/Uplink ratio 21

Min. MCS level QPSK, 112 coding rate

Max. MCS level B640AM, 12 coding rate

Treffic type Cass A B, C

Required data  rate Class A 3000  hits/frame
Class B 100 bits/frame
Class C: n/a

3.2 Simulation results

Fig. 5 shows the average cell throughput of the
max C/I, the RR, and the proposed algorithms. The
X and y axes mean simulaton time (hour) and
throughput ~ (kbps),  respectively.  The
algorithm shows better cell throughput compared to
the RR by assigns more resources to the users with
good channel condition. However, max G/ shows
better  throughput than the proposed algorithm
because it always allocates radio resources to the
user which has the best channel quality. Therefore,
max C/ is an optimal algorithm to achieve the
max ¢/ does
not guarantee the QoS or faimess requirements to
the users with poor channel conditions. On the other
hand, the proposed algorithm provides better QoS
fulfillment

considering  the

proposed

maximum cell throughput. However,

with  marginal  throughput loss by

faimess  to  determines  the
scheduling priority of each user.

Fig. 6 compares the normalized cell throughput of
the proposed scheduling algorithm without and with
stations. In the simulation,

base stations are deployed by scenarios 1 and 2

micro base the micro
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depicted in Fig. 1. Two important simulation
parameters, ie. r. and 1 are defined which are a
cell radius and a radius of imner region that is
covered by a macro base station, respectively. As
shown in Fig. 6, the cell throughput of the proposed
algorithm can increase about 40780% by exploit the
micro base stations because the average SINR of the
cell boundary users can be improved by the micro
base stations. Note that the deployment scenario 1
iIs more favorable to increase the cell throughput
than the deployment scenario 2. The cell throughput
of the proposed scheduling algorithm in scenario 1
increases by 2718% according to the cell load than
it in terms of the

scenario 2. Therefore, in

throughput or capacity gain, deployment scenario 1

is more profitable even it may require more
deployment and operational cost.
IV. Conclusions
In this paper, we propose the PHY-MAC

cross-layer resource allocation scheme in the cellular
systems with micro base stations. The PHY-MAC
layer function and information flow are designed in
optimized for the
resource allocation. The proposed resource allocation

way of cross-layer efficient
scheme consists of wuser grouping stage and resource
allocation stage. In user grouping stage, users are
classified into a macro BS user group and a micro
BS user group in which users receive the radio
resources from a macro BS and a micro BS,
respectively. In resowrce allocation stage, we propose
a specific user selection criterion for the resource
According to the criteria,
scheme select appropriate users and allocate hopping
pattem or AMC subband. Simulation results show
that the proposed can guarantee the
required QoS of high priority users with 0.7% loss of
throughput compared with the max C/7 In addition,
the performance of the proposed algorithm can be
about 40780% by the introduction of the

base station in a

allocation. the proposed

scheme

increased

micro cellular  system. The

proposed algorithm can be applied to the femto-cell
or the next generation wireless systems with micro

base stations.
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Fig 5. Average cell throughput in the proposed scheme,
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Fig 6. Normalized cell throughput of the proposed scheme
without and with micro base stations

Reference

[1] A. Jalali R Padovani, and R Pankaj, “Data
throughput of CDMA-HDR a high efficiency-high
data rate  personal
system,” Proc of IEEE VIC200, May 2000,
vol.3, pp.1854-1858.

2] A Leke and J. M Cioffi “A maximum rate

algorithm  for  discrete  multitone

modulation systems,” Proc of IEEE Globecom'd7,

Nov: 1997, vol.3 pp.1514-1518.

communication  wireless

loading



W FE A e 62010 6)

(3]

(4]

(5]

(6]

(7]

(8]

9]

H Bang and T. Ekman, “Opportunistic Round
Robin ~ with Extended Window for Time
Correlated Channels” Proc of IEEE VIC2007
Apr. 2007, pp.2860-2863.

G. Song and Y. Li, “Adaptive Resource Allocation
Based on Utlity Optimization in OFDM,” Proc. of
IEEE Globecom 2003, Dec. 2003, vol.2, pp.56-590.

J. Rhee, J. M. Holtzman, and D. Kim, “Scheduling
of Real/Non-real Time Services: Adaptive EXP/PF
Algorithm,” Proc. of IEEE VIUC203-Spring, Apr.
2003, vol.1, pp.462-466.

V. Corvino, V. Tralli and R. Verdone, “Cross-layer
resource  allocation for Multicarrier — Air
Interfaces in  Multicell Multiuser Environments,”
IEEE  Trans. on Vehicular Téchnology, May
2009, vol. 58 no. 4, pp. 1864-1875.

J. Tang and X Zhang, “Cross-layer Resource
Allocation over Wirelay Networks for Quality of
Service Provisioning,” IEEE Journal on Selected
Areas in Conmmun, May 2007, vol. 25 no. 4,
pp. 645-656.

S. Shakkottai and T. S.
Design for Wireless Networks,”
Mag., Oct. 2003, vol.4l, pp.74-&0.

S Cho, W. Pak, and S Yun, “PHY-MAC Gross-layer
Design  for  Efficient
OFDM/A  Systems,” Proc
Congress (5, May, 2006.

radio

Rappaport, “Cross—Layer
IEEE  Comm

Resource  Allocation  in

of World Wireless

[10] W. Chen, K. Lataief, and Z. Cao, “A Unified

Corss-Layer Framework for Resource Allocation

in Cooperative  Netowrks,” [EEE Trans on
Wireless  Commun, Aug. 2003,  vol7, no.g,
pp.3000-3012.

[11] R. Chen, W. Liy, J. Li, C. Li, and J. Li, “A Fair

Cross-Layer Resource Allocation Scheme with
Diverse QoS Guaranteeing,” Proc. of WiCom09,
Sept. 2009, pp.1-5.

[12] M. Bohge, J. Gross, A. Wolisz, and M. Meyer,

“Dynamic ~ Resource  Allocation in  OFDM
Systems: An Overview of Cross-Layer Optimization
Principles and Techniques,” [EEE  Networks,

Jan. 2007, vol.21, no.1, pp.53-59.

[13] T. Kwon, S. Cho, H Lee, S. Choi, J. Kim, S.

Yun, W. Park, D. Cho, and K Kim, “Design and

Implementation of Simulator based on
Cross-Layer Protocol between MAC and PHY
Layers in  WiBro Compatible IEEE 802.16e
OFDMA System,” [EEE Communications
Magazine, vol43, nol2, ppl36-146, December
2005.

[14] M Airy and R. W. Heath, “Spatially Greedy

Scheduling in  Multi-User MIMO  Systems,”
Proc. of I[EEE Asilomar, Nov. 2003, pp.9-12.

SIPN A
=44
@ 1995 © Bgehean FSl
= 1997 : Fgestan FSHAA}
' 2001 : grtriislal e}
200 - B ¢ ISk HE

200 - 2206 @ AEFIEE A
297
WAROL 1 o], 4G AU

B, AR} 54



