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Modeling the Sleep Mode for
Cellular Digital Packet Data

Yi-Bing Lin, Senior Member, IEEEand Yu-Min Chuang

Abstract—Cellular digital packet data (CDPD) utilizes sleep To Data
mode mechanism to conserve the power of mobile end systems Network
(M-ES’s). A timer called T203 determines how quick an M-ES M-ES$ |-~~~ — -

enters the sleep mode, and another timer called T204 determines
how often the M-ES wakes up. A large T204 value and a small _
T203 value can effectively reduce the power consumption at F9- 1. CDPD network reference model.
the cost of degrading the frame transmission performance, i.e.,
more lost frames, longer frame waiting times, and larger waiting the forward link, and the link from the M-ES to the MDBS
variance. When the power consumption budget is determined in a s c5|jeq thereverse link.The MD-IS queues all frames, and
CDPD system design, our study provides guidelines to determine . .
the timer values as well as the buffer size to optimize the frame sends them t.o the corresponding MDBS for tran_sm.'ss'on _On
transmission performance. the forward link. The MDBS broadcasts frames in its radio
coverage area. Only M-ES’s that have valid identifiers can
decode the received data. It is clear that the transmission on
the forward link is contentionless.

CDPD follows the traditionaklotted, nonpersistent digital

. INTRODUCTION sense multiple accef®SMA) protocol for the reverse link

ELLULAR digital packet data (CDPD) [1]-[5] offers access. The protocol works as follows. The MDBS broadcasts

mobile users access to a low-cost, ubiquitous, wirelef@n the forward link) the availability of the reverse link by the

data network. CDPD can be overlaid on existing analdgle/busy control flags. If no transmissions are on the reverse
cellular systems and share their infrastructure equipment @mannel, the MDBS sets the control flag “idle.” Upon detecting
a noninterfering basis. CDPD may serve as the wireleth idle status, an M-ES may transmit the data on the reverse
extension to other data networks such as Internet. link. If the M-ES detects the “busy” status, it waits for a

Fig. 1 illustrates the CDPD network reference model [3]. A&andom time period, and rechecks the status of the control
CDPD user communicates with the CDPD network by usirf§pd. It is possible that two M-ES’s detect the “idle” status,
the mobile end system (M-ES). The physical location of MaNd try to access the reverse link at the same time. In this
ES’s may change from time to time, but continuous netwof@se, a collision occurs and the M-ES’s follow an exponential
access is maintained. The mobile data base station (MDB®ckoff procedure for retransmission.
is responsible for detailed control of the radio interface, suchA sleep modes provided in CDPD to allow an idle M-ES
as radio channel allocation, interoperation with cellular void@ shut off power for a predefined period. To “wake up” the
channel usage and radio media access control. In order to shdr&S,the MD-IS periodically broadcasts a notification mes-
radio resources with the cellular system, an MDBS is expectédgde to provide the list of M-ES’s that are recipients of the
to be colocated with the voice equipment that provides cellulid@mes queued in the MD-IS. The M-ES periodically activates
telephone service. Furthermore, MDBS’s may share cellulié receiver to listen to the broadcast notification message. If
equipment, such as antennas for transmitters and receiverd{ggame is found in the list, the M-ES leaves the sleep mode
communicate with the M-ES’s. The mobile data intermediaf®y sending a message to the MD-IS. With this mechanism,
system (MD-IS) connects to several MDBS's via wired link§he battery life of the M-ES can last longer (12-h battery
or micro waves. An MD-IS receives data from one networlfe with CDPD power-saving mode has been reported in the
entity and forwards it to another network entity. commercial products). Details of the sleep mode mechanism

An M-ES communicates with the corresponding MDBS bis described in the next section.
a 19.2 kb/s raw duplex wireless link referred to a€BPD
channel streamA CDPD channel stream can be accessed by [l. THE SLEEP MODE OPERATION
several M-ES’s. The link from the MDBS to the M-ES is called The S|eep mode operation is requested during the TEI (tem_

. : . . aPorary equipment identifier) assignment procedure. Within the
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implies no sleep mode operation. The default T203 value is 30 YT
30 s [5]. Both the MD-IS and the M-ES maintain the T203 ;;: Z;g@;jgg
timers. The M-ES triggers T203 on the completion of a frame Ly g e
transmission on the reverse link, and the MD-IS starts the e 104 ‘
corresponding T203 timer after the reception of the reverse o ; . NN
frame from the M-ES. If no frame is transmitted before T203 0.0 0.1 0.2 0.3 0.1
timers expire, the sleep management procedures are executed  Mper secoud)
at both the M-ES and the MD-IS. @

The MD-IS maintains arel notification timer(T204) for
each channel stream. A recommended T204 value is 60 s 20 -
[5]. The MD-IS broadcasts TEI notification frame when T204 n L; . Ziff = ?;3

expires. This frame contains the TEI values of the M-ES'’s that )
have pending frames in the MD-IS. Even if no sleeping M-ES 0

is using the channel stream, the TEI natification frame is still 0.0 01 02 03 04
sent to allow all M-ES’s to synchronize with the T204 timer. . Adpersecond)
Each sleeping M-ES should wake up during the TEI no- (b)

tification message broadcast time to receive the message. If

the TEI value of an M-ES is not in the notification message, a0 ijgx.}{ - 138

the M-ES simply enters the sleep mode again. Otherwise, the v gdgj o Buf — 00

M-ES exits the sleep mode and sends an RR (receiver ready) soc? 150

frame to notify the MD-IS that it is ready to receive the lgﬁ

pending frames. If the MD-IS does not receive an RR frame Y T o AN N

from the sleeping M-ES, the MD-IS triggers T204 again.

A (per sccond)

©

Fig. 2. Sleep mode performance with various buffer sizes (T2030 s;
T204 = 60 s). (a) The expected waiting time. (b) The frame lost probability.
(c) The variance of the waiting time.

We conduct simulation experiments to study the CDPD
?rlzr?npesmf? g; F;Egorr]zs\:;i' ;&éhzrrsi\'/rzu;tlg]l T/Iogﬁ!é tvr\]/(iathdZafSproach td3u_f x 0.1 s (where 0.1 s are the time to transmit
Poisson process at rate The length of a frame is uniformly Onlf. frazmt;e ulnlt). he f | babili For \
distributed between 1 unit and 10 units. For every connectin% 'g. 2(b) po.ts the frame lost probabilityy. For A < 0.2
M-ES, the MD-IS maintains a buffer area to hold the pendi r secondfy Increases then decregse_s. For a very stall
frames that cannot be delivered to the M-ES immediately. T (.)St frames arfive when_ the M-ES is in the §Ieep mode. As
buffer size is measured in terms of frame units. We assurfle’ ¢'€3S€S, it IS more likely t'hat _th_e buffer is full when a
that the frame transmission is error-free, and the transmiss gﬂme arrives (while the MES is still in the sleep mode), and
time is 0.1 s per frame unit. The transmission times of tae frame is l(_)St' Thus, in t_h's range &f(0 < _)‘ < 0_'0_4 for
RR frames and the TEI notification messages are ignoredfit = 10), 17 increases as increases. When is sufficiently
Following the description in the previous section, an M-E&9€ 0.04 < A < 0.2 for Buf = 10), the M-ES becomes
enters the sleep mode if no frame arrives before T203 expir¥ré active as\ increases (i.e., T203 seldom expires), and
For the illustration purpose, we assume that every forwargest frames are p_rocessed within as_hort waiting period. Thus,
frame results in a reverse frame that always triggers T203. The decreases as increases. When is large ¢ > 0.2 for
sleeping M-ES wakes up every time the T204 expires. If tfeuf = 10), the frame arrival rate is Iarg'er than the active
buffer is empty, then the M-ES enters the sleep mode agafi'iﬁme transmission rate of 10 frame units per second, and
Otherwise, it becomes active. From the experiments, we stud@re frames will be lost. Thug?; increases as increases.
how the frame arrival rate\, the buffer sizeBuf, the T203  Fig. 2(c) indicates that the variandg, of the waiting time
timer, and the T204 timer affect the output measures suchdgfreases as increases (with the exception whenis very
the frame lost probability?;, the expected frame waiting timesmall). For0.2 < A < 0.4, the M-ES s likely to be in the
E.,, and the varianc#,, of the frame waiting time. active mode, and most frames are processed in short periods.

Effect of the Frame Arrival Rata: Fig. 2(a) indicates that Thus, the variance of the waiting time is small. Pox 0.2
the expected frame waiting timB,, decreases ak increases. per second, the M-ES s likely to be in the sleep mode when
For A < 0.1 per second,E, is dominated by the sleepthe frames arrive, and the extra waiting times of the frames
mode operation. For example, Xf — 0, the M-ES is always result in a larger varianc&,.
in the sleep mode, and the frame is expected to wait forEffect of the MD-IS Buffer SizeFig. 2(b) indicates that
1/2 x T204 ~ 30 s [in Fig. 2(a), we observe thdt,, ~ 28 when Buf = 10, the buffer capacity is not large enough
s whenX — 0]. For A > 0.2 per second, the M-ES is activefor the frame transmission mechanism to catch up with the
in most of the time, and the frames are processed within shiveéme arrival rate, whether the M-ES is in the active mode
waiting periods. Note that a¥ — oo, F,, will increase and or the sleep mode. The figure also indicates that increasing

I1l. SIMULATION EXPERIMENTS AND CONCLUSIONS
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Fig. 4. The sleep mode performance with various T203 values (F260
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Fig. 3. The sleep mode performance with various T204 values (238
s). (@) Butf = 10. (b) Buf = 30.

the buffer size significantly reducds for A < 0.2 (when the
M-ES is likely to be in the sleep mode). Fig. 2(a) indicates
that the expected frame waiting timg,, increases as the
buffer size increases. However, this phenomenon becomes
insignificant forBuf > 30. Similar observations are found in
Fig. 2(c) for V,,. Specifically, Fig. 2(a) and (c) indicate that
when Buf > 30, £, andV,, are not affected by the buffer
size. On the other hand, Fig. 2(b) indicates that increasing the
buffer size significantly reducel; when\ < 0.2 per second.
Thus, our discussion suggests that when the M-ES s likely to
be in the sleep mode, increasing the buffer size impraves
performance without increasing,, and V,,,.

L]

s). (@) Buf = 10. (b) Buf = 30.

are queued in the buffer and few frames are lost. These
buffered frames are processed when the M-ES wakes up.
Consider an extreme case where no frames are lost. Then
for fixed T203 and T204 values, increasing the buffer
size will not change the waiting time of a queued frame.
Instead, the waiting time is determined by the T203 and
T204 values.

Changing the T203 and T204 values has more effect on
the frame lost probability when the MD-IS buffer size is
large than when the buffer size is small.

If T203 and T204 are engineered at the values rec-
ommended by the specification [5] (i.e., 30 and 60 s,
respectively), then changing T203 has more impact on
the frame lost probability than T204.

Effect of the T204 ValueFig. 3 indicates that by mcreas-lt is clear that by selecting a large T204 value and a small

ing the sleep length (|.e_., t_h_e T204 valué), |ncreases._Th|s T203 value, the sleep mode operation can effectively reduce
effect becomes more significant for.a Iarger b_uffer size. F%re power consumption at the cost of degrading the frame
g)s(?ﬁ)m?rf&]wgf r:i\) :750'31 Fiﬁ;;ecigng]’clrfe-la—szgg |bs 'T:?r%ii/eodfcgytransmission performance (i.e., more lost frames, longer frame
Buf = 10 [see Fi 3(’3)] arid 49.38% deufy— :'50 [see waiting times, and larger waiting variance). When the power

. 9- ' ’ o consumption budget is determined in a CDPD system design,

Fig. 3(b)]. . S : )
Effect of the T203 ValueFig. 4 indicates that by increas-24" study can provide gwdellnes.to.determme the timer yalges
as well as the buffer size to optimize the frame transmission

ing the T203 value F; decreases. This effect becomes moré

significant for a larger buffer size. For example, whes: 0.1
per second, if T203 is decreased by 25% from 40 to 30 s, then
P, is increased by 93.99% fdsuf = 10 [see Fig. 4(a)], and
162.5% forBuf = 30 [see Fig. 4(b)]. L
Based on the above discussion, we have the following
conclusions: 2]

« Large buffer size can effectively reduce the frame lost
probability due to the sleep mode operation. Also, if the[3]
buffer is sufficiently large, increasing the buffer size only
slightly increases the expected frame waiting time and¥l
its variance. If the buffer size is sufficiently large, then[5
most frame units arriving in the M-ES sleeping period

performance.
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