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Abstract—We previously proposed the Orthogonal Code Hop- 20% was allowed. OCHM accommodates the number of bursty
ping Multiplexing(OCHM) scheme as a new statistical multiplex-  data users four times more in this condition.
ing scheme in synchronous downlink and applied the OCHM High Data Rate(HDR) or 1XEV—Dbsystem adopts user di-

scheme to 1S-95 and Wideband CDMA. OCHM enables a large ) . . . .
number of users to share the limited number of code chan- VErsity and adaptive modulation and coding(AMC) as its key

nels through statistical multiplexing. In this paper, we compare features. It supports high speed data transmission for non-

OCHM with HDR through link-level simulation. OCHM outper-  realtime data users. The HDR characteristic is different from

forms HDR in medium and high mobility conditions, while HDR  that of OCHM. HDR schedules users using Time Division Mul-

operates better in a low mobility condition. tiplexing(TDM) signalling, while OCHM transmits packets for
Index Terms— Orthogonal Code Hopping Multiplexing, all users relatively slowly without signalling.

OCHM, High Data Rate, HDR, 1xEV-DO, statistical multiplexing. In this paper, we compare OCHM with HDR. We develop a

link-level HDR downlink simulator and find relevant data rates

for Ec/No values in an additive white Gaussian noise(AWGN)

channel. These values are to be used in AMC. We compare

our proposed OCHM scheme with HDR in the identical traffic
Orthogonal Code Hopping Multiplexing(OCHM) [1], [2], environments and the similar system environments.

[3] is a new statistical multiplexing scheme in downlink, which This paper is organized as follows. Section Il outlines the

enables a large number of users to share the limited numGHEHM scheme. Section Il introduces HDR systems and per-

of code channels through statistical multiplexing. Orthogondrms HDR link-level simulation in downlink. Section IV com-

ity is preserved and however, some user symbols may colliggres OCHM with HDR in a system environment. Section V

occasionally by code hopping. We can control the number pfesents conclusions.

allowable users according to their activity and the required er-

ror rate. Channel coding gain can compensate for collisions.

Delay characteristic is consistent because there is no admission Il. FEATURES OF THEOCHM SCHEME

controf on a packet transmission. . OCHM [1], [2], [3] is to accommodate more downlink or-
We applied the OCHM scheme to 1S-95 and Widebang,qonal channels than orthogonal codewords for mobile sta-
CDMA(W-CDMA) downlink [4]. The performance of OCHM igns through statistical multiplexing. The number of dedicated
was compared with that of the conventional code division m%‘rthogonal downlink channels in the OCDM-based system can-
tiplexing here called the Orthogonal Code Division Multiplexp ot exceed the number of codewords in the orthogonal code re-
ing(OCDM). OCHM can accommodate a large number of usegsqjess of downlink channel activity. Since orthogonal code-
with little degradation in error rate. For example, with an actigods are valuable resources for the synchronous downlink of
ity factor of 0.1 and 64 orthogonal code channels, the numkeg e Division Multiple Access(CDMA) system, it is important
of allocable channels is 287 when a perforation probability ¢ jncrease the utilization of orthogonal codewords within the

I jack@cnrkaistack @ dksung@ee.kaist rpaximum allowable total transmit power of the downlink in a

e-mail:  jack@cnr.kaist.ac.kr, spark@ieee.org, sung@ee.kaist.ac.kr. . .

mgk@etri.re{kr P 9 9 cell. In order to increase the number of downlink channels,
LIt means the initial admission control for the packet. Retransmission control

like automatic repeat request(ARQ) is possible. 21xEV-DO is the new name for HDR.

I. INTRODUCTION
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tional CDMA (here called OCDM) system is a special case of
the OCHM system because a constant hopping pattern allocated
by a base station (BS) is the same as a fixed orthogonal code-
word allocation, as specified in W-CDMA [5], cdma2000 [6],
and cdmaOne (1S-95) [7].

The hopping pattern may be based on MS identifier(ID)
using electronic serial number(ESN) as an example. Since
the number of available codewords in an orthogonal code for
OCHM s limited and the hopping patterns are mutually in-
dependent, orthogonal spreading codewords of two or more
downlink active (data transmitting) channels may be identical
at a symbol time, as shown in Fig. 1(b). This event is called
a collision of hopping patterns at that time, and the encoded
symbols with collisions are illustrated as double-lined boxes in
Fig. 1(b). For example, each MS transmits symbols according
to its hopping pattern (HP). MS#c and MS#g are scheduled to

(a) Transmitter structure for OCHM send different symbols using the same orthogonal codeword,
OC#N at thenth time slot, and then their symbols collide.
When collisions among the hopping patterns of downlink ac-
M et T ears T egyrs T (epyrs MO tive channels occur, a comparator and controller at the transmit-
ter of a base station(BS) takes one of the following two opera-
tions: If at least one channel-encoded data symbol is different
from others, then all data symbols colliding at the moment are
perforated and are not transmitted. The channel decoder of
the corresponding MS can recover the perforated data symbols
mste HPre @ @ @ [oc | ocn [oc | ocea [locro ocm|ocew]ocrs|e @@ of each channel if the number of perforated data symbols is
wsit  Hpi @ @ @ [ oo [ ocre [locm] oow [ ook [ocir oo [ocw] e e @ |ess than a threshold. The transmit power during the encoded
MStg HPig @ @ @ II0<C_#N>II ocer | ocse [ ocsy [ocsr [ocax Jocks [oco | @ @@ and perforated data symbol time is zero for all related channels.

XCZmo

Msta HPia ® @ @ [ocka [ ociz [ ocis [ ocic [ ocuq [ ocir | ockp [ociu] e e e

Ms#h  HPib @ @ e [ocke [ ocus [ocaa]| ociq [ ocis [ ocss [ ocwu [ocis | e e e

msic  HPic @ @ @ [ocn] oc# [ ocit [ocam [ ocsp [ ocw [ ocke [ocie | @ @ @

Ms#d  HP#d @ @ @ [ocaw | ocw [ ocik | ocks [locko]] oc [ ocav [ociH| e e @

Ts . If all channel encoded data symbols are identical, then all the
. data symbols with collisions are transmitted without perfora-
tion. The transmit power during the encoded data symbol time
(b) MS-specific hopping patterns and their collision for each channel is the sum of the assigned transmit power for
all related downlink channels or the maximum among the as-
Fig. 1. Orthogonal Code Hopping Multiplexing(OCHM) signed transmit power. We studied collision mitigation schemes

to improve performance by reducing the degradation due to per-
foration [8].
Multi-Scrambling Code(MSC) [5] for W-CDMA and Quasi- For a given perforation probability, the number of alloca-
Orthogonal Code(QOC) [6] for cdma2000 have been recomle dedicated downlink channels can exceed that of orthogo-
mended. These schemes do not support the orthogonalitynaf codewords if the channel activity is low. The allowable
downlink channels. However, the orthogonality is a very valyerforation (or collision) probability depends on the channel-
able property of synchronous downlink. coding scheme. As a channel coding scheme is more powerful,

OCHM is a statistical multiplexing scheme for orthogonahe higher perforation (or collision) probability is allowable. If
downlink in spread spectrum systems based on direct sequetide channel activity of downlink channels(isl and the allow-
Fig. 1(a) shows the transmitter structure for the OCHM schenble perforation probability is 20%, then the number of alloca-
It additionally contains a hopping pattern generator and corle downlink dedicated orthogonal channels vétrorthogonal
parator & controller modules compared to conventional trangodewords is approximate387 [2].
mitters. The hopping pattern generator produces hopping pat-
terns for users, and the comparator & controller module com- l1l. HDR DOWNLINK
pares symbol information of users with the same hopping pét- Overview on HDR
tern and resolves collision problems. Since the OCHM schemeHDR has distinctive features, such as user diversity and
uses a mobile station (MS)-specific hopping pattern after an iiMC to support non-realtime high speed data service. User
tial channel allogation from base §tation(BS), signalling mes_3The term,puncturing[1] was chosen to describe the condition, but it may
sages for allocation and de-allocation of Ortthonal COdeworgﬁlse confu’sion with puncturing used to increase the code rate. ’Therefore, we
during a call are less required for bursty traffic. The convegadoptperforationwhich has the same lexical meaning.
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Fig. 2. Baseband processing for downlink
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Fig. 4. Bit error rate (AWGN)

16QAM(16-ary Quadrature Amplitude Modulation) according
to data rates. The data modulated symbols are permuted by
a bit-reversal interleaver, which is then followed by puncture
and repetition operations. The puncture operation is to mul-
tiplex preamble, pilot, and MAC information in time and the
repetition operation is to collect enough time slots and bit en-

Outer encoder

ergy for low data rates. Walsh covering performs spreading
for frequency reuse and only one user uses all code channels
in the HDR downlink. Traffic data, preamble, pilot, and MAC
information are time-division multiplexed before the complex
multiplication. Finally, symbols are multiplied by a pseudo-
noise(PN) sequence. More detailed information on HDR can
be found in [12], [13].
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Fig. 3. Serially concatenated convolutional encoder B. HDR Link-Level Simulation in Downlink

We assume AWGN channels first and then consider indepen-

) . . . dent Rayleigh fading and single-path Jakes’ fading [14] envi-
diversity here means that a base station selects a user with/f ents. We select three different user speeds, i 8

best channel condition every time and then allocates all dowjy km/h, and 120km /h in Jakes’ fading. The output of this

link channels to the user. AMC is a scheme which adaptivey jevel simulation is generated from AWGN-only channels
adjusts data rate by changing data modulation and channel cgda,  se it can be used for AMC in the next section.

ing methods instead of controlling power according to varying \y,s evaluate the bit error rate(BER) and packet error

channel conditions. Some important parameters of HDR arerﬁ?e(PER) performance for varioi:/N o values through sim-

follows: ulation. PER is a more important performance measure than

BER in evaluating the HDR system. The target PER or block

error rate(BLER) for HDR systems i€)~2 [15]. Figs. 4 and

5 show the BER and PER performance in AWGN channels,

respectively. Each steep slope representing a data rate corre-

sponds to a specific range Bk/No values. Fig. 6 illustrates

the Ec/No values for 1% PER obtained from Fig. 5. Each cross
The overall baseband processing of traffic channels is shopwint on the dotted line indicates the requitBd/No for each

in Fig. 2. Input data are channel coded using serially concat®srresponding data rate. A diamond point represents the re-

nated convolutional codes(SCCC) illustrated in Fig. 3 as a spgptired Eb/N o for the data rate and the&® /N o values remain

cial case of Turbo [9] encoders. The soft output Viterbi algalmost constant when the data modulation method is QPSK.

rithm(SOVA) is used for iterative decoding [10], [11]. NextThe requiredE'd/No value increases when we adopt 8PSK or

step is to scramble channel coded symbols and then the scraBRQAM for high data rates. Table | shows the requitsd No

bled symbols are data modulated through QPSK(Quadratfiwe 1% PER in the HDR downlink. The second column values

Phase Shift Keying), 8PSK(8-ary Phase Shift Keying), dn Table | can be used as threshold values for AMC.

o Frame length: 26.61hs

« Time slot length: 1.67ns = 2048 chips

« Spreading factor(SF): 16

o Datarates: 38.&bps ~ 2.4576M bps

« Data modulation: QPSK, 8PSK, 16QAM
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Ec/No vs Packet Error Rate
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Fig. 7 shows the PER curves in several channels witharig. 7. Packet error rate for 38ibps (AWGN, Rayleigh, Jakes)
power or rate control in the AWGN channel as well as Rayleigh

and Jakes’ fading channels. The worst result occurs in the

Jakes’ fading channel with low speed because deep fading gean length Of. 12fby}tes.and intgrarrival time between pack-
comes probable during a channel coding interval. Fig. 8 gtsis exponentially distributed with a mean of 25 seconds. The

lustrates the PER curves for several data rates in Jakes' fidth Of 12kbytes is the sum of packets in a packet call [16]
ing channels with a user speed of 128:1/h. Higher data and interarrival time is calculated from the activity factor. The

rates yield worse performance and the result for 2.4506s collision probability and the perforation probability [1], [2] for

0 0 . :
is extremely poor here without power or rate control becaug)eCHNI are 46.2% and 26.6%, respectively, on the basis of the

16QAM has information on amplitude and the amplitude qu(p_revious parameters. They are somewhat large values for good
tuates and deviates in a fading channel performance [2], [4] and they cause performance degradation

in OCHM.

IV. HDR vs. OCHM .
L . ) B. System Environments
Using link-level simulation results we evaluate AMC accord-

ing to the received®c/No. OCHM is a completely different
scheme from that used in HDR. We assume similar system
vironments for fair comparison of both schemes. We use
same system environments described in HDR [12].

First, we consider HDR system environments. HDR adap-
tir\{galy controls rates by means of AMC and the rate control de-
tE is two time slots. We set data rate control(DRC) margin in

e control to overcome wireless channel estimation errors due
to delay. Fig. 9 shows why a DRC margin is required. The se-
lected data rate cannot be maintained in the state of two time
slots ago. Scheduling does not follow the conventional propor-

Traffic enviroments are identical for both systems. We atienally fair algorithm and we adogt relatively best algorithm
sume 100 users with an activity factor of 0.1 in a 38s link.  which selects the user on the best channel condition relative to
Arrival packet size follows an exponential distribution with ats mean channel condition.

A. Traffic Environments
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Eb/No vs Packet Error Rate for 120 km/h with fading and no control TABLE Il
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3 : : : : X (1% PER) | mean power| mean power
s 1 - 8y i ] ] 3km/h 25dB 0.118 -9.27 dB
% ll: +++ AN f ﬁ : 30km/h 11.5dB 2.83 +4.52 dB
I T | 1 [120km/h || 10.0dB 3.36 +5.26 dB
S e ] [[ocAM ] 1 [ ods |
"""""" Yoo TRy
0 ° Y e 2 % %0 | Speed | Delay mean| Delay variance| var/meaf |
. 3km/h 1.25s 3.79s2 2.43
Fig. 8. Packet error rate for 128n/h (Jakes) 30 km/h 5 0ds 3.8452 212
X 120km/h 2.41s 12.7s2 2.19
[ OCHM | 2785 | 7.15s° | 100 |
A We apply similar constraints to both systems for compari-
son. It means to set many parameter values equal. In an HDR
v s kbjs system, the error rate decreases and throughput and delay char-
207.21ps e acteristics become worse as the DRC margin increases. For
restos OCHM, the error rate decreases and the power consumption
rises high when the requireBc/No increases. Throughput
P and delay are inherently consistent in OCHM. We select the
delay time

relative mean power consumption for the performance measure
between both systems. We adjust power and DRC margin to
achieve the required delay, throughput, and 1% packet error
rate for both systems. Consequently, the relative mean power is
OCHM system environments are nearly the same as thdBe only interesting parameter value between both systems.
of HDR for fair comparison. The power control delay is two Table Il illustrates the comparison results listed as the power
time slots corresponding to the rate control delay and the poweyels of HDR normalized by the power consumptions of
control scheme has a variable step size and a dynamic rarffgeHM in the upper table. Even though HDR transmits at fixed
The number of code channels in OCHM is 16 to conform teower, the power level variation is normalized for the con-
HDR baseband processing whose spreading factor is 16. Megience of representation. HDR consumes less power than
path loss and log-normal shadowing environments are assurk¥@HM at a speed of &m/h and more than OCHM at 30
to be the same for both systems. We assume 5 levels wittha/h and 120km/h. It means that OCHM performs better
difference of 2.5 dB in their meafc/No and 20 users per in medium and high mobility conditions by time diversity and
level. control delay.
Besides the relative mean power, we calculate the delay vari-
ances for both systems. The normalized delay variance of
C. Comparison Results OCHM is smaller than HDR at all speeds. Since delay char-
Rate control for HDR works well when the control de|a);1cteristics are consistent in OCHM, it can be noted that the in-

is small enough to estimate channel conditions. On the otfi§ent scheduling of OCHM operates well.
hand, channel conditions rapidly change as mobile speed in-
creases. We choosei3n/h, 30 km/h, and 120km/h as the
mobile speet! It is expected that HDR operates badly in high
mobility conditions because rate control is inaccurate due toVWe developed a link-level HDR downlink simulator and ob-
delay. However, OCHM can take advantage of time diversitgined AMC parameters from the link-level simulator. We com-
in rapidly changing fading channels because it naturally hagared our proposed OCHM scheme with HDR in the identi-

Fig. 9. DRC margin

V. CONCLUSIONS

longer encoded packet transmission time than HDR. cal traffic environments and the similar system environments.
HDR supports up to a data rate of 2Mbps in downlink.
4These values are commonly used in 3GPP specifications. OCHM yields better performance in medium and high mobility
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conditions, while HDR performs well in a low mobility condi-
tion. In addition, OCHM yields a smaller delay variance than
HDR.
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