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The salient features of UWB networks such as high-rate ¢ m.unicati% ow interference
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with other radio systems, and low power consumption "BgIfg\many its to users, thus
enabling several new applications such as wireles e salﬂi% us (WUSB) for
connecting personal computers (PCs) to their peri nd the consemer-electronics (CE)
in people’s living rooms. Because the size of multimedia da@, WiMedia device must
transmit the fragment of MSDU. However, w he fragmentef MSDU is lost, WiMedia
device maintains active mode for the timesto ete thé L%mission MSDU, and there is a
problem that unnecessary power con&%@7 occurs, Therefore we propose new power
management scheme to reduce unnece% po

W, N mption of WiMedia devices in the
case that the fragment is lost. @ i\
Keywords: WPAN, UWB,%Me a, ul‘t@a Network

1. Introduction ,° \,

Recently, due to \}tegrmapplications such as Wireless USB, Wireless Display,

and Wireless \® DTV streapming, data transfer rates up to hundreds of Mbps is required.
To meet these rements{¥arious wireless communication standards to support high data
rate have been proposed %o e of them is WiMedia standard [1-5].

A device's power provided in WiMedia MAC specifications is hibernation mode
with less power co ion and active mode with larger energy consumption than hibernate
mode. In general, n Wimedia MAC device receives fragments of MSDU (MAC Service
Data Unit),\%&rates in active mode. If WiMedia device in No ACK mode loses the
fragment o% U transmitted from other WiMedia device, it does not receive all fragments
belongi e corresponding MSDU. However, even if WiMedia device does not receive
fra@s of the MSDU, it must be maintained its power mode to active mode since it cannot
find the'time to transmit MSDU and total number of fragments belonging to MSDU. In other
words, when the fragment of MSDU is lost, WiMedia device maintains active mode for the
time to complete the transmission MSDU. Thus, there is a problem that unnecessary power
consumption occurs. In particular, because most multimedia service applications operate in
the No ACK mode, the issue of power consumption due to the fragment loss further increases.

Therefore, new power management scheme is needed so that the sending WiMedia device
transmits the time it takes to transfer MSDU, and the receiving WiMedia device can control
its power mode in the case of the fragment loss.

With the explosive growth of high-datarate applications in wireless networks, energy
efficiency in wireless communications has recently drawn increasing attention from the
research community. Several international research projects dedicated to energy-efficient
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wireless communications are being carried out [6-10]. However, recent studies on energy
efficiency scheme mainly focused on the narrow band cases with centralized implementations.
These proposed schemes, when applied for distributed implementations, are not
straightforward.

Therefore, in this paper, we propose new power management scheme to reduce
unnecessary power consumption of WiMedia devices in the case that the fragment is lost.

2. Background

2.1. Fragmentation and reassembly Scheme in WiMedia specification °

A source device can fragment each MSDU/MCDU. A device does nat nt any
MSDU/MCDU to more than mMaxFragmentCount fragments. Fragments I@ f varying

sizes. Once a device transmits a frame containing a who SDU/ a fragment
thereof, the device does not fragment or re-fragment the %‘ unles%evice receives a
B-ACK or N-ACK response that indicates that the w ragments were not
received. The device does not create frame fragmer@a er thag mMinFragmentSize.

The device sets the Fragment Number field in flrstﬂ% t to zero. It sets each
subsequent fragment to the Fragment Number in the previdus fragment plus one. The
device does not increment the Fragment N-u ey Tield wh agment is retransmitted.

A device assigns the same Sequence er to al ents of an MSDU/MCDU. The
device completely reassembles an M correct order before delivery to the
MAC client. The device dlscards n ith missing fragments. If the No-ACK
policy is used, the recipient d ha I dISC anMSDU/MCDU immediately if a fragment
is completely received within |mplement dependent timeout.

If B-ACK is used, un Iedge@ents from multiple MSDUs belonging to the
same stream can be refr, itted in the e sequence. In this case it is the responsibility of
the recipient device er the Us in the correct order to the MAC client.

If a source eydiscar ragment of an MSDU/MCDU, the device discards all
fragments of t U/MC

2.2. Power Managem heme in WiMedia specification
A device can be } of two power management modes in each superframe:
- Active,mode:’the device sends and receives beacons in the current superframe.
- Hib % mode: the device does not send a beacon or other frames in the current

e
* entering hibernation mode, a device announces in previous superframes that it is
enten g hibernation mode.

A device using hibernation mode operates according to the following rules:

- A device signals its intent to go into hibernation mode by including a Hibernation
Mode IE in its beacon. The Hibernation Duration field in the Hibernation Mode IE
shall contain a non-zero value that specifies the duration of the hibernation period.

A device may signal its intent to go into hibernation mode in several superframes. The
value of the Hibernation Countdown field in the Hibernation Mode IE is set to indicate the
number of remaining superframes before the device enters hibernation mode. In each
successive superframe, the device reduces the value of the Hibernation Countdown field by
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one. If this field is set to zero, the device enters hibernation mode at the start of the next
superframe.

- When in hibernation mode, the device does not send a beacon or other traffic. The
device must terminate all established DRP reservations before entering hibernation.

- A device can leave hibernation mode prior to the end of its announced hibernation
period by sending its beacon.

- A device in hibernation mode scans for beacons during the BP for one or more
superframes immediately prior to the end of its hibernation period, in order to re-
establish synchronization. ¢

- If a device exiting hibernation mode finds that its former beacon, sl neither
occupied nor encoded as occupied with a DevAddr not its own in the IE of any
beacon received by the device in the last superfra device mit a beacon
in that beacon slot. Otherwise, the device transm egcon s%ere doing so for
the first time. '5

Active mode devices in the presence of hibernatl de deﬁ?;ﬁall operate as follows:

- If an active mode device receives a n or’s .be%n at includes a Hibernation
Mode IE, the device considers '5& reser s with that neighbor to be
ion

terminated at the start of its hi eriggl. An active mode device does not
commence any communlcatlo hlb Rﬂ ode device until that device leaves
inc

hibernation mode. Afte a beac ludes a Hibernation Mode IE with
Hibernation Countdow than Jor equal” to mMaxLostBeacons, an active mode
device that misses th emainin exp% beacons shall consider the device to be in
hibernation mode jcated i ernation Mode IE.

- If a device d ecelve edcon from a neighbor at the end of the hibernation
duration 1n int ﬁ%nbor s Hibernation Mode IE, it treats the neighbor’s
beacon I-. cupled dbes not indicate it as occupied in its BPOIE, for up to
mMax at

1s received in the or’s beacon slot.

IOHEO@IOI’I after the neighbor entered hibernation or until any beacon

3. Proposed Sc

In this pa
streaming i

we propose the Power Management scheme for energy-efficient multimedia
Media networks. When a device receives the fragment of multimedia data,
the prop cheme checks whether the fragment of multimedia data is lost or not. If the
fra lost, a device checks the duration field of previously received fragment and save
itsen by switching into sleep mode for interval set to duration field.

The fragment loss is determined by comparing the sequence number of received fragment
and the sequence number of expected fragment. If the sequence number of received fragment
is larger than the sequence number of expected fragment, the device determines for the
fragment of multimedia data to be lost.

In this case, the time set in the duration field is the time from the received fragment MSDU
to the last fragment of the time.

Figure 1 shows the multimedia streaming service performed in WiMedia network.
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Multimedia
Streaming

Figure 1. The example of the multimedia streaming service in WiMedia
networks

In Figure 1, WiMedia devices use the No ACK(Acknowledgem E’ffﬁy The
transmitting device divides multimedia data frame into m tlple fragmehts transmits
fragments to receiving WiMedia device. é

In this case, the sending device contains the sequen ent in Wimedia

MAC MAC header and transmits fragments of mu data ra the receiving side.
Figure 2 shows the format of proposed MAC frame eade

,\
Frame Control DestAddr Src&\d d Sequen%E trol Access Information
(2octets) (2octets) ct (2octets)
/&"Vi \V
<)

Fragment 4 Sequer;ce

Numbﬁ Numbe\a:ragments

)

e AN < K\d - >
Yy ~b

33 b14 b15

t @ Duration Reserved
b  b0~b13 | bl4~b15 |

\gigure 2. The format of proposed MAC frame header

Reserved

4

In Flﬂ , the sequence number includes the MSDU(MAC Service Data Unit) ID and
mber, and the MSDU ID is a component to identify MSDU and the fragment

numb s component to verify the sequence of the fragment that divides MSDU.

Also, the MSDU fragment includes the duration field set to the time from the fragment of
the sending MSDU to MSDU fragment with the last fragment number.

The receiving device determines whether the MSDU fragment is lost based on the
sequence number of the received fragment and the expected fragment.

If the fragment number of received MSDU fragment is larger than the fragment number of
expected fragment, WiMedia device determines that MSDU fragment is lost.

When MSDU fragment is lost, the WiMedia device checks the duration field in the
received MSDU fragment, it enters into sleep mode or idle mode for the time set to the
duration field.
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When the set time has elapsed after receiving MSDU fragment, WiMedia device switches
the power mode from low power mode to active mode.

In other words, WiMedia device can reduce unnecessary power consumption by switching
the power mode from active to low power mode for time transmitting the lost fragment.

Figure 3 shows the process of proposed scheme.

Start

N
y

Receive the

fragment of MSDU C f

:Y . %
Check the duratl @ in \
received fr@sw
L

&

power,m h

‘b Enter into active
@ mode

Sl

End

@ Figure 3. The process of proposed scheme

As shown in Figure 3, the WiMedia device receives MSDU fragment transmitted by
multimedia streaming service provider. The WiMedia device that receives MSDU fragment
determines whether MSDU fragment is lost or not. In other words, it determines whether
another MSDU fragment transmitted by multimedia streaming service provider exists
between the previously received fragment and the currently received fragment.

In this case, WiMedia device can determine the loss of fragment based on the sequence
number of received fragment and expected fragment.
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WiMedia device compares MSDU ID of the received fragment with MSDU ID of the
expected fragment, and if two MSDU IDs is the same, it determines the loss of fragment
based on the fragment number of the received fragment and the expected fragment. As a
result, if MSDU fragment is lost, WiMedia device checks the duration field in the received
fragment. In this case, the duration field is set to the time from the received MSDU fragment
and the last MSDU fragment with the same MSDU ID.

When the duration field is verified, the Wimedia device enter into low power mode during
a time set in duration field.

After this, the Wimedia device checks whether a time set in duration field is ov8. Ify& set
time is over, it switches its power mode back to active mode. In other words, Wi i
reduces power consumption by switching to low power mode for transmism

fragment. And when the fragment transmission time wit e.lost f is over, the
WiMedia device enters the power mode into active mode IVI g t t MSDU.
Figure 4 shows the process for the estimation of ent Ioss own in Figure 3.

Chemﬁ;&c \ %\\Q)

Y
pare t ecelved
fra ith
Q ragment

Same MSDU ID?

Check the Duration End
field

Figure 4. The process for the estimation of the fragment loss shown in figure 3
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In Figure 4, to determine the loss of MSDU fragment, the WiMedia device checks the
MAC header of received fragment. After this, it compares the sequence number included in
the MAC header of received fragment with the sequence number of the expected fragment. In
this case, it determines whether two MSDU IDs are the same by comparing the MSDU ID of
the received fragment and the expected fragment. If the MSDU ID of the received fragment
and the MSDU ID of the expected fragment are the same, the WiMedia device determines
whether the sequence number of the received fragment is larger than the sequence number of
the expected fragment. If the sequence number of the received fragment is larger than the
sequence number of the expected fragment, the WiMedia device determines that WU

fragment is lost. ?
Figure 5 shows the example of the proposed scheme. 6

Aiﬁ
O
N\

10,0 10,1 K), @& 10, \ 10,4 10,5 10,6

4

A

Figure E@he exa@the proposed scheme

Time

As shown in F%'Qhe M;%J% of MSDU is 10, and MSDU is divided into 7

fragments with 0 entn

In Figure proposg frgment ID is composed of (MSDU separator, fragment

number). BecauSe the fr, t ID (10, 1), i.e., the fragment number of MSDU fragment

transmitted by multimedia¥streaming service provider is equal to the fragment number of the
expected fragment r, the WiMedia device determines that the fragment is not lost.
The other_hand, % the fragment is lost with the fragment ID that is (10, 2), the WiMedia

device recei e fragment with the fragment ID that is (10, 3). In this case, because
WiMedi ée receives from the fragment with (10, 1) of fragment ID, the fragment ID of
the fragment is (10, 2).

T iMedia device checks the MAC header of the received fragment and it checks the
sequence number of the received MAC header. It determines whether the fragment is lost
based on the fragment ID (10, 2) of the expected fragment and the fragment ID (10, 3) of the
received fragment. Because the fragment number 3 of the received fragment is larger than the
fragment number 2 of the expected fragment, the WiMedia device determines that the
fragment with MSDU 1D 10 is lost.

After this, because Wimedia MAC device lost the fragment, it extracts the duration filed
from the received fragment, and it checks the time information (D3) set in duration field.

WiMedia device can reduce unnecessary power consumption by switching power mode to
low power mode during D3.
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When D3 is over, WiMedia device switches the power mode back to active mode to
receive the next MSDU.

4. Performance Evaluation

In this section, we analyze and evaluate the performance of the proposed resource
allocation method.
The simulations are run for 1000 seconds and the common simulation parameters are

summarized in Table 1. We consider a multimedia application with a wireless IPTV and a
personal video recorder (PVR) recording the same program. At some point, the usempicks up
a remote control and tunes the set-top box (STB) to start the IPTV program. Th
STB simultaneously starts to record the same program to a wirelessly conneCtea,external hard
disk drive that is located in a closet next to the living ro m,.%jsume t source of the
service provider generates an MPEG-4 stream using Ni e Trans Protocol (RTP)

[11] as transport, and table 7 shows the token bu@%EC raffic_Specification) of the
stream [13]. x
Table 1. S'Lm@’l par rs

S vame D

Parmeter

e
Transmission Power Q)y -SQ?&E/Mhz

A
Bandwidth < -528Mhz
Symbol Length R AQ ,}Q 312.5ns

J’n

y V’
Preamble Length \\\ A 9.375us

Header Length{'\'Qy \01 3.75us

SIFS U \Q) 10us
\ &)

MISF (b 1.875us

A 1 'ﬁe 2. A Token bucket TSPEC of traffic streams

Mean Da,l;g@ey 4.13 Mbps
Pea@ﬂéﬂ?{ate 14.8 Mbps
Mame Burst Size 131350 bytes
Maximum Packet Size 1490bytes
Maximum allowable delay 64ms

Figure 6 shows the average delay performance comparison between proposed protocol and
the legacy WiMedia standard. Delay for each packet consists of two parts, the queuing delay
and the service delay. Service delay is defined as the time from when the packet becomes the
head-of-line packet in the queue to the time the packet is received by the receiver. Here the
packet length is equal to 2048 bytes and the data rate is equal to 48.8Mbps. The end-to end

354 Copyright © 2014 SERSC




International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.1 (2014)

delay in proposed protocol is very similar with the delay in the legacy WiMedia standard.
That is because both the proposed scheme and the legacy WiMedia standard discard MSDU
that has the fragment loss and use the same transmission scheme.

As shown in Figure 6, the delay of the proposed scheme does not exceed the maximum
allowable delay for IPTV application defined in TSPEC.

s0J | % Legacy . ®
® Proposed &
b & : VN
30 - ~ : . ( )

S QQ\I,V

Delay (ms)

0 T T T T B T
0 @y 10 X’ y15 20
4 Numlng des
Figure, 6&ber of@hdla device vs. service delay
Figure 7 shows t\}put ﬂ%lMedla D-MAC device according to each UWB/PHY
data rate. In Flm e fra transmitted by devices in a beacon group is fixed to 4095
bytes. These r shova the throughput of proposed scheme is very similar with the

throughput of the legac edia standard. This is because both the proposed scheme and
the legacy WiMedi féﬁard discard MSDU that has the fragment loss and use the same
transmission schem@

Figure 8@5 the dissipated power consumption of WiMedia device that receives
multlmedla@ from multimedia server. The dissipated power consumption of device that
uses o@e scheme is less than that of device that uses WUSB protocol as seen in this
figt%cause the proposed scheme switches the power mode to low power mode as soon as
a WiMedia device detects the fragment of MSDU loss, it is possible to save the energy of
device for the transmission of MSDU that the fragment is lost. Thus, the perfomance of the
proposed scheme is more superior to that of the legacy WiMedia.

Figure 9 illustrates communication energy consumption of the whole network. It can be
seen that the energy saving increases as the number of WiMedia device increases. In
summary, the device-level energy-saving scheme is more energy efficient than the traditional
one, and as the number of WiMedia devices increases, this effect will be more obvious.
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Figure 9. Communlcatlon ener nsu @of the WiMedia network with
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5. Conclusion
In this paper, we propgS&yioble po nagement scheme to reduce unnecessary power

consumption of Wi vices i ase that the fragment is lost. When the fragment is
lost, the proposed ec e unnecessary power consumption by switching the
power mode t wer mode? , using the proposed scheme, buffering of multimedia
data is easy si t iS pe to predlct the receipt time of the following fragment. The

simulation results show trformance of proposed scheme is more superior to that of the

legacy WiMedia pro o@ Also, the simulation results show that proposed scheme can be
applied to multimedig application like IPTV and DVD player.
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