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TS System (VSF-OFCDM)
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UMTS System (VSF-OFCDM) (cont.)
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LTE System
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LTE System (cont.)
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Resource Block (Downlink)
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OFDMA
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OFDMA-MIMO
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Resource Block (Downlink)

Frequency A

0 4 antenna case

—_—

H EEN

N EEN
M

<4—— 1slot 1slot —»
<4— 1 subframe —»
<+ 1TT1

(14 OFDM symbol)

<—— 1subchannel —— p
@ luser —  §

<—— 12 subcarrier

<t—— Resource Blocked

P Time

|:| Reference Signal : Antenna port 0 . Reference Signal : Antenna port 2
. Reference Signal : Antenna port | . Reference Signal : Antenna port 3

|:| Control ; PCFICH, PHICH, PDCCH |:| Data : PDSCH

Group oF MogiLE compuTING & WIRELESS NETWORKING 7:)

Issue

0 UMTS system
= high packet loss rate.
= high bandwidth waste rate,
= not consider user area

0 LTE system
= Suffers from unbalanced loads and unfair bandwidth utilization.
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Related Works

01 The code allocation algorithms of the VSF-OFCDM scheme can be
classified into three types:

= the allocations of 2D-based single code [13], [14]
0 2D-single Disadvantage
. they suffer from wasting the
= single code [15]-{21] bandwidth when the request data
o CF rate does not meet the data rate of
o LM a channelization code of the VSF-
OFCDM code .

= multicode [22]-[29], [38]

1 3GPP MS Disadvantage

. the most important process in the multicode allocation is to
0 AVCES partition the required data rate of a new incoming connection
according to the residual radio resources

= Disadvantage

1 not consider user locale.
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Motivations & Goals

1 Motivations

= This paper proposes an Adaptive Radio-resource Allocation (ARA)

0 the LTE and UMTS interfaces according to the conditions of a mobile
node

O Goals

= An efficient radio resource management required
[ maximize reward
01 balance loads

1 minimize bandwidth waste rate

11/18/2011 16/37
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Network model
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ARA Approach

01 This paper proposes an Adaptive Radio-resource Allocation (ARA)
approach for managing radio resource in the next generation high-
speed cellular communication. The ARA approach consists of three

main phases:

= Phase 1: the Loads of UMTS and LTE Determination Phase (LDP)

= Phase 2: the connection Admission control and Classification Phase

(ACP)

Goal: maximize the interface reward and to minimize the interface overhead

= Phase 3: the Dynamic resource Allocations of UMTS and LTE Phase

(DAP)

Goal: guaranteeing the QoS and achieving BS’s loads balancing

11/18/2011
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1 Connection Admission Control (CAC) e
= capacity-based |

1 Connection Classification (CC)
= 1) the interface loads of the eNodeB ( L, and L, ;; ).
= 2)the reward ( 7, ) of the required traffic class (m ),

= 3) the velocity (V; ) of mobile node 1.
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Phase 2: The connection Admission control -4
and Classification Phase (ACP) (cont.)

o1 First, if both loads, L,,,sand L.z , of the eNodeB are all below or all above
their individual thresholds,

S S
jLLTE < I;LTE lﬁﬂMYS <:‘ZQHWTS
L. >I L >I°

LTE — ~LTE UMTS — ~UMTS

0 the eNodeB determines the communication interface by using the factors of
mobile node velocity (V; ) and the carrying reward (7. ).
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Phase 2: The connection Admission control -4
and Classification Phase (ACP) (cont.)

0 ACP allocates LTE to a new connection if the carrying reward of using LTE
is larger than that of usmg UMTS (i.e., »" >#"" ), or the mobile node is with

a high speed (e.g., v.>v* ). Otherwise, ACP aIIocates UMTS to the new
connection.

UMTS-LTE

P Vo (—120(km/h1)©

re uest
"TUMTS
LUMT S

[CID :use LTE Service
I :use UMTS Service

§ :Base station
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Phase 2: The connection Admission control
and Classification Phase (ACP) (cont.)

0 ACP allocates LTE to a new connection if the carrying reward of using LTE
is larger than that of using UMTS (i.e., »." >»"" ), or the mobile node is with

a high speed (e.g., v, >v* ). Otherwise, ACP allocates UMTS to the new
connection.

UMTS-LTE

request

i l’TUMTs i’ Tire

L

UMTS LLTE

[CID :use LTE Service
I :use UMTS Service

§ :Base station
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Phase 2: The connection Admission control
and Classification Phase (ACP) (cont.)

0 Second, if only one interface exceeds its threshold, ACP allocates
another interface to the new incoming connection.

S S
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Phase 3: the Dynamic resource Allocations of

UMTS and LTE Phase (DAP)
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Phase 3: the Dynamic resource Allocations of it

UMTS and LTE Phase (DAP) (cont.) Step 3. Determine all 20 combinatons of all codes In 4/

Step 3.1 Determine all combinations of a free code
Step 3.2 Check the number of candidates
Step 3.3 Check sad of the selected code

e 20 spreading of the selected code

. l
01 Consists of four processes: T

1. to determine all combinations of a free channelization code
2. to check the number of candidate

5. to check the channel load of the selected code

«. to recombine the 2D spreading of the selected code.

Step 3.4 Recor

11/18/2011 27/37
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Step3.1 Determine all combmatlons of a

free channelization code

0 all 2D spreading comblnatlons of each free state channellzatlon
code thatis in 4{ }

o1 a lower channel load are then selected as the candidates based on
two factors
= the combination with the largest frequency spreading factor
= the time domain code should not have a high channel load

Code state NSRS . level, k SF, sf,
O Freecode @ Blocked code @ Allocatedcode T The time domain code - : :
T
Z 3 4
@ O 4 8

O 6 32

7 O 7 64
Qtth ’f&tt" i
o0 0 0 0 01 AWA,/M/ I ’“,.A,fl,ﬁ/,/// [ ‘llll ll 5 s
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Step3.1 Determine all combinations of a
free channelization code :

0 After determining all 2D sprealng comblnatlonsof the free state o
channelization codes, the combinations are prioritized into two groups
according to the low and high thresholds of a channel load.

T K, s 1 I "
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1 Step3.2 Check the number o candldates

= After performing Step 2 and Step 3.1, the number of candidates is at least one.
If the size of the candidate set is equal to one, only one optimal 2D spreading
exists

o Step3.3 Check the channel load of the selected code

= The system checks whether the channel load of this combination exceeds the
high threshold or not
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0.75
24
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Phase 3: the Dynamic resource Allocations of e
UMTS and LTE Phase (DAP) (Cont-) Phase 3B. The Dynamic Resource Allocation
of LTE
Step.l Determine user request and local.

O LTE ReSOLI rce Al |OcatI0n Step.2 Assign user request.

= A RB can adopt any type of AMC coding. Thus, the minimum and
maximum data rates of a RB are 144 Kbps (QPSK) and 3.456 Mbps

(64-QAM). Ry
=12(subcarriers)-12(symbols) - 1(bits / symbol)-10(TTs)-100
= example = 144Kbps.

0 If a UE requires a 12R bandwidth. Then, the eNodeB can allocate 6 RBs
with the QPSK coding, 3 RBs with the 16QAM codlng, or 2 RBs W|th 64QAM
coding.

Frequency : Resource Block

Allocate
W :aPsK
[] :16anm
. GA0AM

Recap:49RB

Time

1 subframe
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»
Phase 3: the Dynamic resource Allocations of 7
UMTS and LTE Phase (DAP) (cont.)

01 the number of RBs needed for a 16R required rate under different
AMC modulations can be determined

_16-144kbps  2304kbps

fw  Qedkbps  864kbps

o Although the eNodeB can allocate sufficient number of RBs for a
16R connection located in QPSK, it brings too much overhead and

AﬂﬂfﬂAﬂﬁ +I’\I\ f\\lﬁ+f\m I”I\\llﬂv'A ﬂnA :n+r\r"Fnr\n II+:I:7H+:I\H
. ) 1 RB

=2.666 =3RBs

m A Single antenna 1 144
m 1, Single antenna 2 288
16QAM % Single antenna 3 432
1 Single antenna 6 864 I
64QAM 1 2 x 2 MIMO 12 1728
1 4 X 4 MIMO 24 3456

1 For instance, we assume that MRB is set to 4. If a vehicle located at
the QPSK location requires 16R data rate, the incoming connection
will be rejected. The reason is the number of required RBs is 16 that

is more than MRB
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Parameters for simulations

7,)

\ 0d Parameters Values
LTE Capacity [39] 3456 Mb/s
UMTS Capacity 3.84 Mb/s=(256R)
Number of rake-combiners (NCS) 1(single code). 2~8
Total number of RBs 1000 RBs
AMC coding schemes QPSE/16QAM(1/2)//64QAM(1)
Channel bandwidth 20 MHz
Mode load threshold (5') 0.6
Spreading factor, L 1~256
Time domain spreading factor, sf; 4. 16
Frequency domain spreading factor. sf, 1~64
Low threshold of the channel load in time 0375.if i, = Sﬁ
doma.im CI‘ZQL% 05 if Sf‘ _ Sf‘
High threshold of the channel load in time 0.75. if sfy > sfy
. T 5, .
domain, CL; e ®,if sf; = sf;
The weight parameter of the exponential 0.85
smoothing model. o -
Traffic Model Number of traffic classes (m) 16 (e, 1~-16)
Average arrival rate (4) 2~22
Arrival rate (j’") %
m-1R

Bandwidth request (b"’}
Average holding time (#) 1
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Numerical results

o1 A. The analysis of optimal threshold of load balancing
= FRL under different thresholds of load balancing

el

(.00 \
\
\
\

\ 4 0.555 " —
Good

0.59 | 1 1 1
MLE ARA LH BD AHe B G ARA LH A0 AHA LB 20
Thrashold

FRL
=
1T
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Numerical results (cont.)

01 Fairness of different thresholds of the load balancing under various
arrival rates

ué - B ARA_NLB
g:?_ B ARA LB 80
%%‘,E B ARA_LB_&0
' g:g B ARA LB _40
g,.“:-“ B ARA LB 20
0- 0 ARA_LB 0
v .,g
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Numerical results (cont.)

ARA_NLB E 1
N . .
Good 07 | | 65%~77%
B : . 45%~70%
Eos g I i E
g 0.4 L
1.t
Ly o o
D1 Lot A s it rsee et 1 0%~16%
Lo e e i R o o
- @ e W o [ [ — = a1 [P, - ——rairness
SRR CRENSEERORACECARETE TR,
Tlmas
1
ARA LB 0 o [T e e e A e 92%~98%
— — 0H [
0.7
Good .E e 0h b:
E N5 E
£ 0 P |
03 20%~33%
- 18%~23%
J . . c
"Ea:::ﬂa‘&!ﬂﬂzs:@:Et::muﬁs;’t;ﬁ&sgjggg& UMTE
— - = 4 n. L I I B R e BT T T B — atRnes
Timae
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Numerical results (cont.)

0 B. Performance evaluations among different compared approaches

Proposed

Good
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Numerical results (cont.)

1 Total reward under different arrival rates

B ARA_MCEE
B ARA_MCET
B ARA_MC3E
B ARA_NGSS
W ARA_MCSd
O ARA_MCS3
B AVCE

B 3PP M2

B CF

| LM

B 20 Engie
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Numerical results (cont.)

1 Utilizations under different argval rates and NCS

B ARA_NCSE
B ARA_NCST
B ARA_NCSS
0 ARA NCSS
B ARA_MCE4
o ARA MCE3
B EGEP_ME

B AVCE_MAX
B AVCS_MIN
B 2D_singla

B CF

dLm
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Numerical results (cont.)

0 Bandwidth waste rate of all compared approaches under different
arrival rates

0.2 B ARA_NCS8
_ m AVCS
g B 3GPP_MS
£ o4 f ;
% 2D _single
Ee W CF
O M
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Conclusions

01 the ARA approach can maximize reward, balance loads, and
minimize bandwidth waste rate in 4G UMTS and LTE
Communications.

01 this paper thus proposed the Adaptive Radio-resource Allocation
(ARA) approach that consists of three phases:
= 1) the Loads of UMTS and LTE Determination Phase (LDP),
= 2) the connection Admission control and Classification Phase (ACP)

= 3) the Dynamic resource Allocations of UMTS and LTE Phase (DAP).

0 The first two phases: LDP and ACP efficiently achieve the load
balancing feature.
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Q&A
Thanks
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Single assign system

/

40AM 160AM QPSK BPSK Reward loss

1 R 00001 | can assign can assign can assign can assign 0
2 R 00010 | can assign can assign can assign can't assign 0.25
3 R 00100 | can assign can assign can't assign | can't assign 0.5
4 R 00100 | can assign can assign can't assign | can't assign 0.5
5 R 01000 | can assign can’t assign | can'tassign | can't assign 0.75
6 R 01000 | can assign can't assign | can'tassign | can't assign 0.75
7 R 01000 | can assign can't assign | can’tassign | can't assign 0.75
3 R 01000 | can assign can't assign | can'tassign | can'tassign 0.75
39 R 10000 | can'tassign | can'tassign | can'tassign | can't assign 1

10 R 10000 | canm'tassign | can'tassign | can'tassign | can'tassign 1

11 R 10000 | can’tassign | can'tassign | can'tassign | can'tassign 1

12 R 10000 | can'tassign | can'tassign | can'tassign | can'tassign 1

13 R 10000 | can'tassign | can'tassign | can'tassign | can'tassign

14 R 10000 | canm'tassign | can'tassign | can'tassign | can'tassign

15 R 10000 | can'tassign | can'tassign | can'tassign | can'tassign

16 R 10000 | can'tassign | can'tassign | can'tassign | can't assign
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Related Works

01 The code allocation algorithms of the VSF-OFCDM scheme can be
classified into three types:

= the allocations of 2D-based single code [13], [14]

01 [13] Y. Zhou, J. Wang and T.-S. Ng, “Downlink Transmission of Broadband
OFCDM Systems-Part V: Code Assignment,” IEEE Transactions on Vehicular
Technology, Vol. 7, No. 11, pp. 4546-4557, Nov. 2008.

0 [14] B.-J. Chang, and C.-H. Wu, “Adaptive Load Balancing MDP-Based Approach
of Two-Dimensional Spreading for VSF-OFCDM in 4G Next-Generation Cellular
Communications,” IEEE Transactions on Vehicular Technology, Vol. 58, No. 3, pp.
1143-1156, March. 2009. [2D-single]

= single code [15]-[21]

o CF

0 LM

Advantage
Use frequency and time domain to decrease packet error rate.

Disadvantage
they suffer from wasting the bandwidth when the request data rate does not meet
the data rate of a channelization code of the VSF-OFCDM code
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= multicode [22]-[29], [38]

O [28] V. Balyan and D.S. Saini, “An Efficient Multi Code Assignment Scheme to
Reduce Call Establishment Delay for WCDMA Networks,” 2010 Ist International
Conference on Parallel Distributed and Grid Computing (PDGC), pp. 278-283,
Oct. 2010. [AVCS]

O [38] TR 25.922 Version 7.1.0, “Radio resource management strategies (Release 7),”
3GPP, pp. 7-91, Mar. 2007 [3GPP_MS]

Advantage

main objective is to overcome the bandwidth waste rate resulted from the
single code allocation

Disadvantage
The most important process in the multicode allocation is to partition the required

data rate of a new incoming connection according to the residual radio resources
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