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ABSTRACT

H.264/AVC, a high-efficiency video coding technique, is used to
compress high definition (HD) video frames. The resulting lager video
packet size and strict error criterfa increase-the challenge in successfully
transmitting HD video over a band-limited and error-prone wireless system.
In this paper, an architecture combining both the H.264/AVC and distributed
reservation protocol (DRP) in WiMedia, one of the popular UWB wireless
systems, will be proposed to guarantee the transmission quality of HD video.
An analytical model will also be established to optimize the payload length
while minimizing the reservation time for retransmission in various
error-prone environments. Based on the proposed control architecture, the
performance of HD video transmission is guaranteed even under high-error

environment.
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CHAPTER 1
INTRODUCTION

High definition (HD) video in the consumer electronics is expecting to be
widely used in home entertainment. H.264/AVC is a high-coding-efficiency video
coding technique and can compress HD video frames into much smaller frames which
is especially important for error-prone wireless environments. Among different
wireless systems, ultra wide band (UWB) designed for high-speed transmission is
especially suitable for HD video applications which require high transmission rates
and strict low packet error rates. WiMedia [1], a distributed control topology, is the
most popular technology for cable replacement for home entertainment. WiMedia
could provide enough bandwidth to transmit the HD video and its Distributed
Reservation Protocol (DRP) mechanism can be used to guarantee the required
bandwidth for HD video service. Although the size of HD H.264 video is much
smaller than uncompressed HD video, its size is still large and need to be fragmented
into a great number of packets.”As mentioned, the the packet error rate is small and
the cost to reduce the packet error rate will be high from either RF resources (the
power) or the hardware solutions. C:-Duan-{2};and H. Singh [3] have improved the
PHY layer performance to transmit.HD video, hut the error criteria is still hard to
satisfied, and the complexity of PHY “isthigh. ‘It might also increase the proportion of
overhead in a packet, because the payload length of a packet must be small to satisfy
the error constraint. Priority contention transmission mechanism which is popular
used in the wireless system is hard to control the arrival time of video frames, and the
latency of video is hard to prevent. It is possible to solve those problems by having a
proper retransmission even with a higher packet error rate using DRP. Although
WiMedia could supply enough bandwidth and could retransmission to transmit the
HD H.264 video, we must calculate the needed time including retransmission to
satisfy the error constraint of video and then reserved it before the delay bound of
video frames. In this paper, we propose a mathematical model to analyze the impact
of payload length on the need reservation time and find the optimal payload length to
fragment the video frame and then calculate the minimal reservation time.

In WiMedia MAC, for isochronous streaming applications, Distributed
Reservation Protocol mechanism is considered to guarantee the required bandwidth
for the transmission [4], besides, to effectively support the video streaming, the
system also needs to know the characteristics of the video streaming and the available

bandwidth over the wireless environments. Two implementation issues are critical to
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be resolved: proper MAC buffering slots for video frames and MAC algorithm for
assuring the delay constraint of the video frames [5].

In this paper, an algorithm for reserving minimum medium access slots with
strict error constraint of video frames will be proposed. The associated optimal
payload length to maximize the throughput will be analyzed based on a mathematical
model formulated based on HD H.264 transmission in WiMedia. Results show that
the payload length which minimize the reservation time will be close to the optimal
payload length for maximizing throughput.

The paper is organized as follows: The overview of H.264/AVC and WiMedia
system will be discussed in Chapter 2 and Chapter 3 respectively. In Chapter 4, we
provide the system architecture for HD H.264 transmission in WiMedia. Chapter 5
reviews the protocol overhead in WiMedia. An analytical solution of optimal payload
length to reach the maximal throughput is investigated in Chapter 6. In Chapter 7, the
minimal reservation time under various error constraints of the HD video frame are
studied. Finally, the conclusions are drawn in Chapter 8.



CHAPTER 2
OVERVIEW OF H.264/AVC

H.264/AVC video coding is a high efficiency video coding standard [8]. It
supports several powerful coding methodologies to improve coding efficiency, such
as flexible block size motion estimation, quarter pixel motion compensation, multiple
reference frames, spatial intra prediction, in-loop de-blocking filters and
context-based adaptive binary arithmetic coding, etc. To address the requirement for
the most-demanding professional environments, the JVT (Joint Video Team: ITU-T
Video Coding Experts Group and ISO/IEC Moving Picture Experts Group) recently
completed the new amendment and some extensions to the original standard that are
known as the Fidelity Range Extensions (FREXxt) [13]. These extensions enable higher
quality video coding by supporting increased sample bit depth precision and
higher-resolution color information, including sampling structures known as YUV
4:2:2 and YUV 4:4:4. Several other features:are also included in the Fidelity Range
Extensions project, such as adaptive .switching. between 4x4 and 8x8 integer
transforms, encoder-specified “perceptual-based. quantization weighting matrices,
efficient inter-picture lossless:coding, and support: of additional color spaces. It
provides more efficient lossy coding of wideocontent and preserves the same or better
image quality compared with otherwvideo coding standards such as MPEG-4 Part 2 [9],
H.263 [10], H.262/MPEG-2 Part 2 [11], JPEG2000 [12]. The H.264/AVC is designed
for technical solution of various application areas, for example, a broadcast system
over cable or satellite, internet video, interactive storage on optical devices, wireless
and mobile network, and multimedia streaming service, etc. Especially, the
H.264/AVC has been adopted as an industrial standard by consortiums for digital
high-definition television (HDTV) broadcasting and storage applications like
HD-DVD and Blue-ray disc, since it provides high video quality and excellent coding
efficiency.

Figure 1 [14]shows the structure of H.264/AVC encoder. It covers two main
layers, Video Coding Layer (VCL) and Network Abstraction Layer (NAL). The VCL
is designed to efficiently represent the video content, and the NAL formats the VCL
representation of the video and provide the header information in a manner
appropriate for conveyance by a variety of transport layers or storage media.



- Video Coding Layer

Coded Macroblocg

Control Data

- Data Partitioning ‘

i Coded Slice/Partition

e

‘ Network Abstraction Layer

H.320 MP4FF H.323/1P MPEG-2 Etc.

Figure 1 Structure of H.264/AVC video encoder [14]

In Table I, we show the H.264:codec performance of different video sequences
using H.264 reference software JM12.3. The setting-of encoder parameter is shown in
Table Il. As can be seen in Table I;.the bit rate of encoded video is much smaller than
that of uncompressed video, and the performance of the encoded data is good even
with high peak to signal to noise ratio"(PSNR).. The bit rate of HD H.264 video is
from 10 to 20 Mbps. The I-frame size is-much-larger than P-frame size, so the I-frame
must takes more time to transmit. Because H.264/AVC is created to have coding
efficiency while maintaining good decoded video quality, it is more flexible in all
kinds of HD video applications. The transmission time of encoded HD video is much
less than that of uncompressed one, so it could save the transmission power and time.
If the size of the video frame is smaller, we could also save the memory of the player.
With many benefits on transmission, H.264/AVC is suitable coding scheme for
wireless HD video transmission.



Table | H.264 CODEC PERFORMANCE OF DIFFERENT VIDEO SEQUENCES

Size (Mb)

e
Video
Sunflower Rush Station
Size of Raw Data
896
(Mb)
Bit Rate of Raw
89.6
Data (Mbps)
Size of Encoded " r
115.3 +152.9 191.8
Data (Mb) : ‘
Y 44.20 43:16 42.11
Average PSNR o
U 4514 46.42 45.04
(db)
Vv 45.76 48.21 45.69
Bit Rate of Encoded
11.53 15.29 19.18
Data (Mbps)
Average of | Frame
1.54 0.96 1.95
Size (Mb)
Average of P Frame
0.30 0.48 0.54




Table Il ENCODER PARAMETERS FOR THE EXPERIMENTS

Frame Size HD (1920 x 1088)
Frame Rate 30 fps
GOP Structure IPPPP...P
Total Frame 300
Intraperiod 15
Reference Frame Number 1
Motion Estimation Range 176
I frame 20

Quantization Parameter.

P frame 21




CHAPTER 3
BACKGROUND ON WIMEDIA MAC

The MAC of WiMedia is a distributed MAC protocol in a short range
communication. To support the distributed MAC protocol, the MultiBand-OFDM
Alliance (MBOA) provides three features such as beaconing operation, Distributed
Reservation Protocol (DRP) and Priority Contention Access (PCA). The first feature
is the beaconing operation used to announce the devices status, coordinate with the
neighbors and manage the bandwidth utilization. The second is the Distributed
Reservation Protocol which schedules the allocation of channel time for each user
inlcluding neighbors. The third feature, Priority Contention Access is similar to the
Enhanced Distributed Contention Access (EDCA) of IEEE 802.11e. The mechanism
uses different priority categories to contend for the transmission opportunity on the
channel based on the back-off procedure which is also similar to that of IEEE
802.11e.

3.1 Frame Structure of WiMedia MAC

g Superframe -
l-@—Beacon Period—>:< Data Transfer Period P
[ ¢—BP——Pp»«PCA> DRP- - PCA -

Beacon Slots

L 1
" T T

Signaling

slots Medium Access Slot(MAS)

BPST BPST

Figure 2 Superframe structure

3.1.1 Superframe Structure
In the WiMeida MAC protocol, the duration of the superframe is 65.536 msec
which is divided into 256 medium access slots (MASs) shown in Figure 2. The



superframe consists of two major parts, the beacon period (BP) and the data transfer
period (DTP). Each superframe starts based on a beacon period to maintain the
synchronization with the neighbors. The length of beacon period varies in each device
due to the presence of the neighbors. Each device announces its existence by sending
a beacon in the beacon period and listens to the beacons from other devices. The
period followed by the beacon period is the data transfer period contributed by two
mechanisms, PCA and DRP. The data transfer period is used for data communication.
Packet data unit (PDU) is transmitted between devices by fragmenting and
reassembling multiple service data units (MSDU).

-t Frame transaction - —Frame transaction—p»|
SIFS + SIFS SIFS SIFS SIFS ¢
H H Frame H Frame H
T =™ gack) [T ™ oack) [T
Imm- Imm-
ers ACK ACK
Imm-ACK

Figure 3 Frame Transaction

3.1.2 Frame transaction

In the data transfer period, the basic operation of data communication is called
frame transaction which consists of an optional request to send and clear to send
(RTS/CTS) frame exchange, single packet and associated acknowledgement packet if
requested by the acknowledgement policy. Figure 3 shows an example of frame
transaction. The acknowledgement policy composed of no acknowledgement
(No-ACK), block acknowledgement (B-ACK), and Immediate acknowledgement
(Imm-ACK) is used to verify the delivery of a packet. The basic packet exchange
sequence is the same as the rules in 802.11, namely RTS-CTS-Data-ACK.

3.2 DRP Mechanism

In WiMedia MAC, there are two mechanisms to transmit data. One is PCA and
the other is DRP. PCA based on Carrier Sense Multiple Access/Collision Avoidance
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(CSMAJ/CA) protocol, which reduces the probability of collision by invoking a
back-off procedure, has four priorities in traffic category for differentiating traffic.
Although PCA can provide service differentiation within different traffic categories, it
cannot guarantee the service for transmitting real time traffic, like video and voice. To
support the real time traffic transmission, the MBOA specifies the reservation based
medium access mechanism, namely distributed reservation protocol (DRP). In general,
PCA is used to transmit asynchronous traffic and DRP is used to transmit isochronous
traffic.

3.2.1 Reservation mechanism:

In this mechanism, a device can request a number of time slots for reservation
and should announce its reserved MASs in its beacon. All devices within transmission
range should listen to beacons from other devices during the beacon period. In DRP,
there are two schemes for data reservation. One is the hard reservation in which a
device can transmit immediately at the beginning of the reserved time slots; another is
soft reservation in which a device needs;to contend for the channel with the highest
priority and does not need process:the back-off procedure like 802.11e.

In a hard reservation periad, only the reservation owner and target can transmit
data frames. Because all transmission should be terminated at least pSIFS plus
mGuardTime before the beginning.of-the~reserved MAS, the owner can start
transmission without frame transactions in reserved MAS. In a soft reservation period,
devices need to contend for the channel“slot ‘time using PCA rules. The reservation
owner has the highest priority AIFS without performing back-off procedure. If there
is the remaining time after the reservation owner completing his transmission, the
other devices can contend for the channel slot time when the remaining time is
enough for other devices to complete a frame transaction. Hence, the soft reservation
has a benefit to the owner’s neighborhood to use the remaining slot time by executing
PCA procedure.

3.2.2 Negotiation

There are two mechanisms for devices to negotiate a reservation: explicit and
implicit. The explicit is done by sending a DRP Reservation Request and responding a
DRP Reservation Response command frame. For implicit negotiation, the reservation
owner and target use the DRP IE embedded in their beacons to negotiate the
reservation. If there is the remaining time in a hard reservation block after a
reservation owner completes the transmission of associated buffered traffic, it should
release the reservation block by sending an Unused DRP Reservation Announcement



(UDA) frame. And the owner’s neighborhood listed in the UDA frame should
respond with an Unused DRP Reservation Response (UDR).

3.2.3 Retransmit procedures in DRP reservations:

In a hard DRP reservation period, if the reservation owner transmit a packet
using I-mm ACK or B-ACK but does not receive the acknowledgement frame, it may
retransmit the packet within the same reservation period. In a soft DRP reservation
period, devices retransmitting a packet shall follow the PCA mechanism with back-off
procedure except the reservation owner.

-10-



CHAPTER 4
SYSTEM ARCHITECTURE

Video stream

server
d> Data path Stream { }
Video frame
— Control path S
Video Frame {}
Payload length Lopt ™ Video frame
optimization ——Rpspy & Ps I packetization
Ne
SNR DRP MAS PDU
reservation

| I
P. & AckPolicy: "IN i
I v

WiMedia MAC

Figure 4 System architecture based on WiMedia MAC

In this paper, the objective is how to obtain the minimal number of reserved
medium access slots while achieving the quality of service for video transmission. To
achieve the design objective, we propose a system architecture that shows the
communication between the WiMedia MAC and applications, depict in Figure 4. We
add additional optimization mechanism supporting the minimal reservation based on
the WiMedia MAC. To provide maximal throughput in the optimization process, we
propose a method to calculate the optimal payload length according to the bit error
rate (BER) produced by the modulation scheme and the signal to noise ratio (SNR)
from the lower MAC. The method to obtain the optimal payload length is to calculate
the effective throughput by selecting the appropriate packet error rate consisted of the
bit error rate and the payload length. Hence, we can obtain the optimal payload length
from the maximal effective throughput.

Furthermore, we propose a reservation mechanism supporting the video
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transmission from the video stream server. This mechanism integrating the payload
length optimization, the MAC layer acknowledgement policy and the video frame
packetization provides the minimal number of reserved medium access slots for
achieving the target frame error rate from the requirement of MAC layer. The
packetization could fragment or pack the frame from the video frame buffer
depending on the expected payload length. In this mechanism, we reduce the frame
error rate through the retransmission and reduce the overhead in the reserved medium
access slots by the optimization combining with the packetization. Finally, we can
derive the number of reserved medium access slots from estimating the necessary
frame transactions including the retransmission to satisfy the target frame error rate.

In the system architecture, we use the Imm-ACK for our acknowledgement
policy. The reason to use Imm-ACK rather than B-ACK is that B-ACK may not
guarantee the delay requirement of real-time traffic in the reserved medium access
slots each superframe when the interval of retransmission is not chosen correctly. The
requirement of using B-ACK for high speed transmission is that the packet error rate
needs to be small. Otherwise, the transmitted packets may be seriously dropped due to
the high packet error rate. On the othersside;.we may use the Imm-ACK to protect the
transmitting packet even when the:channel condition is bad or the packet error rate is
large.

-12 -



CHAPTER 5
PROTOCOL OVERHEAD IN WIMEDIA

In the WiMeida MAC, we find the variation of the payload length and the frame
transaction mostly affects the throughput in wireless environment. Hence, this section
will describe an overhead of frame exchange in a reservation period.

5.1 Overhead in DRP reservation period

In the hard reservation, no other device except for the reservation target and
owner can access the channel, so the overhead is mostly contributed by frame
transactions. At the beginning of reserved MASs, the owner should initiate the frame
transaction by transmitting request to send (RTS) to the reservation target. While the
reservation target receives RTS, it should respond clear to send (CTS) after a period
of time. The period of time between RESsand CTS is called the Short Inter-frame
Space (SIFS). If the reservation:owner receives'the CTS correctly, it starts to transmit
data packet according to different acknowledgment policy. There are three kinds of
acknowledgment policies. The first is-the.No-ACK:policy in which a packet should
not be acknowledged by the recipient.. The second is the Imm-ACK policy in which
the reservation target should respond with an Imm-ACK frame after a period of time,
SIFS, while receiving the packet which is shown in Figure 3. The third is the B-ACK
in which allows the reservation owner to transmit multiple packet with receiving a
single acknowledgement packet from the recipient indicating which packets need to
be retransmitted. And the interval between each frame transmitted by reservation
owner is minimum inter-frame space (MIFS). All the related parameters are shown in
Table I11.

-13-



Table 111 WiMedia MAC timing parameters

Parameter Value Description
mGuardTime 12us Guard Time
mMasLength 256us MAS Period

mMaxFragmentCount 8 Maximum Fragment number
pSIFS 10us SIFS Time
pMIFS 2us MIFS Time
pSlotTime 9us Slot Time

5.2 MAC/PHY overhead

8 octets

Pad

PHY Tail MAC HCS Tail RecedSollmon Tail Frame Payload ECS Tail
Header Bits Header Bits Parity Bits Bits Variable Length :0-40950ctets Bits Blts
6 bits 10 octets 2 octets 6 bits 6 octets 4 bits 4 octets 6 bits
‘ PLCP Preamble ‘ PLCP Header ‘ PSDU ‘

-4——39.4Mb/s———p-4—53.3,80,106.7,200,320,400,480Mb/s—p»

Figure 5 Standard PPDU structure

The physical layer convergence procedure (PLCP) is a frame format for MAC
layer controlling the PHY layer. The physical protocol data unit (PPDU) is composed
of three components: the PLCP preamble, the PLCP header, and the physical service
data unit (PSDU). These components are shown in Figure 5. The PLCP preamble
formed by a frame synchronization sequence and a channel estimation sequence is to
assist the receiver in timing synchronization, carrier-offset recovery, and channel
estimation. The PLCP header is to convey necessary information about the PHY and
the MAC to aid in decoding the PSDU at the receiver. The PSDU is formed by
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concatenating the payload with the frame check sequence (FCS), tail bits, and pad bits,
which are inserted in order to align the data stream on the boundary.

When transmitting a packet, the PLCP preamble is sent first, followed by the
PLCP header and then the PSDU. The interval of PLCP preamble defined as a
Standard PLCP preamble or a burst PLCP preamble is 9.375us or 5.625us which
depends on the frame transaction type. The PLCP header must be sent at a data rate of
39.4Mb/s. The PSDU can be sent at the data rate chosen from 53.3Mb/s, 80Mb/s,
106.7Mb/s, 160Mb/s, 200Mb/s, 320Mb/s, 400Mb/s, and 480Mb/s. The length of
PLCP Header mainly composed of PHY header, MAC header, and header check
sequence (HCS) is 26 bytes. The length of PSDU varies according to the frame
payload from 0-4095 bytes.

-15-



CHAPTER 6
OPTIMIZE THE PAYLOAD LENGTH IN DRP

In this section, we formulate a mathematical model to analyze the throughput
variation with the payload length changed in DRP and find the optimal payload length
to reach the maximal throughput.

6.1 Packet Success Rate (PSR)

If the locations of the transmitter and the receiver are fixed, the channel
condition is relative stable. The packet success rate is constant and depends on the
payload length, PHY mode, and SNR. The packet success rate is given by [6][7]:

P (v, L) = Picp (v, Lprcp ) * Pospy (v, L) (1)
where
L: payload length in bytes,
Lprcp : length of PLCP header in bytes,

P, (): packet success rate (PSR) defined as the probability of receiving a packet correctly

atreceiver,
Pi,cp O: the probability of receiving a correct PLCP header corresponding to PHY mode i,
PP’;SDU (): the probability of receiving a right PSDU corresponding to PHY mode j,

y: signal to noise ratio (SNR).

In AWGN channel, the PSR in WiMedia is

Po(y,L) = (1 = ber, (V))B*LPLCP * (1 — ber; (Y))B*LPSDU (2)

where ber () is bit error rate corresponding to PHY mode k.

Because the PLCP header is transmitted at lower data rate (39.6 Mbps) than the
rate of PSDU, the error of the PLCP header is small, and the packet success rate is
dominated by the probability of receiving a right PSDU. That is

-16-



P(y,L) = Plepy (v, L) (3)

and

)B*LPSDU

P(,1) ~ (1 — ber;(y) (4)

in AWGN channel, where L=Lp;cp .

6.2 Mathematical Model for throughput analysis in

DRP with Imm-ACK

<«———Reserved Contiguous MASs
<« Tl— > T2—>» e T2—»

// Frame

CTS I-ACK / / I-ACK

RTS Frame

Figure 6 Frame transaction analysis with Imm-ACK

We define the throughput as the average number of payload bits per second
received correctly in a successive reserved time. The transmission mechanism using
Imm-ACK policy in a contiguous reserved time is shown in Figure 6. Using
Imm-ACK, the transmission time of each packet contains not only the transmission
time of PPDU but also the transmission time of Imm-ACK and two SIFS time. For
convenience, we define that T2 is the total transmission time of a packet, as shown
in Figure 6. If the payload length of each packet is constant in a continuous time, the
number of packets during the time is

M*TMAS —T1-T

N = guard (5)

where
M: the number of reserved MAS,

Tumas : the interval of a MAS,
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Trrs : the time for transmitting a RTS frame,
Tcrs : the time for transmitting a CTS frame,
Tp.e : the time of preamble,

Tpacket : the time consumed by a packet,

Tpck : the time consumed by Imm-ACK frame,

T,

guard * guard time,

T1: the transmission time of RTS an CTS, which is equal to 2 * [(Tpre +

SIFS T2: 2+SIFS+2*(TPre+8+«LPLCPRPLCP)+LPSDURPSDU

Rpspy : data rate corresponding to PHY mode,

Rpicp : data rate (39.6Mbs) to transmit PLCP header

LpLcp
RpLcp

)+

For the environment where the transmitter-and the receiver’s locations are fixed,
the PSR of each packet is the same, so the number.of correct received packets X could
be considered a random variable with the binomial distribution. The probability mass

function of X, B(X,N, P,(y,L)) is

N -
BOGN, (L) = (4 ) RO 1 (1 = P 1) ™

The throughput in a successive reserved time is given by:
N #P(y,L) * (8L)
B M * Tyas

Th

(6)

(7)

To reach the maximal throughput, the optimal payload length could be obtained

by solving the following optimization problem:
N+ P(y,L) *» (8+L)
M * Tyas

subjectto 0 <L < 4095,

LEeN

-18-
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This optimization problem is an integer programming problem, and it is hard to
solved in MAC. In order to get analytical solution, we approximate it as:
Po(y,L) *L

M
ax T

(9)
subjectto 0 <L < 4095

where L’ is a approximate real number of L.

In AWGN channel, the problem becomes:
(1—pp)® *L

M
ax T,

(10)
subjectto 0 <L < 4095

where py, isequal to ber;(y), which is constant in our environment.

The optimization is solved in [6]. Using the procedure in [6] to solve the
optimization problem, the analytical solution of optimal L, in AWGN channel is

, ~b — Vb2 =4ac (11)
Lopt = 2a

where

a = 64 * logifl — py),

b=8=x log(l - pb) * {38 + RPSDU * <2 * SIFS + 2 * (TPre + CELCE ))};

RpLcp

¢ = 38 + Rpgpy * <2 « SIFS + 2+ (Tpre + LPﬂ))

RpLcp

The approximated solution of optimal payload length in AWGN channel, L,

is
4095, Loy > 4095
Lope = qround(L), 0 < Ly, <4095 (12)
0, Loy <O

where round() is a function which output is an nearest integer to the input.

6.3 Numerical Result
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The variation of throughput with various bit error rates in AWGN is shown in
Figure 7 and Figure 8. If the successive reservation time is fixed, the throughput using
the payload length L'opt would be close to the maximal throughput using the payload
length L,y at higher tramission rate Rpgpy . Because the packet transmission time
T, is shorter at the higher data rate, the number of successful packets be more, and
N approximates N very well. With the same reason, N' approximates N at longer
reservation time. In Figure 9 and Figure 10, it shows the variation of packet error rate
and L'Ol[,t with different Rpgpy . If the bit error rate is small, the payload length could
be larger, because the packet error rate increases slowly when the payload length gets
longer. The number of packets in the continuous interval would becomes more at
higher Rpgspy, but the packet error rate increases more slowly than it, . Figure 11 and
Figure 12 show the throughput and packet error rate with different bit error rate using
the optimal payload length at Rpspy = 480Mbps and Rpspy = 200Mbps. In Table
IV, we set the target packet error rate must be less than 0.05. It shows its throughput is
much less than that with larger packet error rates, because the proportion of overhead
is too large. We must consider both the proportion of overhead and the packet error
rate to reach the maximal throughput,

Successive Reservation Time (M) = 4

300 ' ‘ '
_RPSDU=480MbpS with Lopl
— ___RF'SDU=480MbpS with Lom I
w | 000 ey | RPSDU=200MbpS with Lopl
o .
2 -=-R =200Mbps with L
E - PSDU opt
=
Q.
5
> 150 |
E ................................
T N T
= e s ™ i
g = -~
£ 100[ |
Q
Q
=
T
501 |
0 Ll . I . ey el =
107 10° 10° 10” 10°

Bit Eroor Rate (pb)

Figure 7 Variation of throughput with bit error rate in AWGN using L., and
L'Opt at 480 Mbps and 200Mpswith M=4
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Figure 8 Variation of throughput with bit error rate in AWGN using L., and
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Figure 11 Throughput and packet error rate with different bit error rate using

the optimal payload length at Rpspy = 480Mbps
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RPSDU= 200 Mbps

200

—Throughput

——-Packet Error Rate

Effective Throughout in Mbps
Packet Error Rate

Figure 12 Throughput and packet error rate with different bit error rate using
the optimal payload length at Rpspy = 200Mbps

Table 1V Throughput for different payload length

Reservation MAS Number 8
Bit Error Rate 107>
Rprcp 480 Mbps 200 Mbps
Packet Error Rate 0.27 0.05 0.23 0.05

Payload Length in bytes | 4007 (Lopt) 636 3261 (Lopt) 636

Throughput in Mbps 193 75.5 107.9 61.4
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CHAPTER 7
MINIMAL RESERVED TIME FOR HD H.264
VIDEO

In this section, we propose a model to evaluate the minimal reservation time for
the wireless HD H.264 video transmission under the error constraint. First, we
formulate an optimization problem to calculate the minimal number of packets that
we must reserved to satisfy the error constraint before the decoder is empty. Second,
we will show that the ratio of the minimal number of reserved packets to the packets
to be transmitted approximates the reciprocal of packet success rate, when the number
of transmitted packets is large enough. Third, we consider the impact of the payload
length on the reservation time and find the optimal payload length to reach the
minimal reservation time in AWGN. We would prove that the payload length for
minimal reservation time would converge:to L, if the number of packets to be
transmitted is large enough. The condition, is.always satisfied because the video frame
size of the HD H.264 video is large and would be fragmented into a large number of
packets.

7.1 Minimal Reservation Time under fixed Packet Error Rate

For the wireless HD H.264 video transmission, the error rate of the video frame
per 120-minute HD movie should be less than one [15]. The error rate of the video
frame P, of this requirement must be less than 1/(120 = 60 = f) at f fps, where f is
the frame rate of the transmitted video. Suppose that a video frame is fragmented into

Np packets, and the packets error rate must be less than 1 — RT = P, to satisfy the

constraint without retransmission. If N becomes larger, the packets error rate gets
smaller. Because the size of the H.264 HD video frame is large, it could be
fragmented to a great number of packets, so the packet error rate must be very small,
and the complexity of PHY would be high. We could use the retransmission policy to
solve this problem, but we must calculate the exact time for retransmission and
reserve it before the deadline of the video frame, or the latency would happen.
Assume that we reserve the time which is enough to transmit Ny packet where Ny
is larger than Ng, the error rate of the video frame is the probability that there is less
than Ng-1 packets transmitting correctly. From Eq. (6), the probability of error is:
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Np—1
Py = Z Pi x (1 — P)Nr-i (13)
i=
where P is the packet success rate.

An example is shown in Table I, we assume P=0.9 and Ny=30, and the
P:=62%107°, P =57%107°, and P = 6.7 x10~13 for Ny = 44, Ny =51,
and Ny = 57 respectively.

TABLE V FRAME ERROR RATE FOR DIFFERENT Nyp AT Ng=30

NR=44‘ NR=51 NR=57

P; 6.2 % 1075 5.7 % 1077 6.7 * 10713

Although the transmission time of the video frame may be less than the time we
reserved, the remaining time would not be wasted, because it could be released in
WiMedia. To find the minimal reservation time under the fixed packet error rate, we
could find smallest N; and then times the. T, .shown in Figure 6. We suppose that
there are Nyg Vvideo frames in the MAC buffer; and they are fragmented into Ng
packets in fixed payload length L. The-minimal number N,;, of packets under the
error constraint P, could be solved by:

Min Ng
Np—1 Ng—i (14)
subject to Zi_o P(L)I(1 - P(L)) <1-(1-P)"M8 NygeN

where P(L) is the packet error rate in payload length L.

This optimization problem is an integer programming problem. We must solve
it and create a table to look up ahead of implementation. If N and the packet error
rate is small, N,;, would be several times of Ng. It takes much time to retransmit
the error packet. When Ng big enough, the ratio N,;, to Np converges to the
reciprocal of packet success rate. It is shown below:

If Ng = oo,then N,;, — oo.

.. X - Nmin * P(L)
By central limit theroem, ~N(0,1),

Npin * P(L) * (1 — P(L))

where X is the number of packets receivied correctly.
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X — Npip * P(L Ng —1) — Ny, * P(L
/ min * () <t =d>(t),wheret= (F ) min * ()

\JNmin *P(L) * (1 - P(L)) Niin * P(L) * (1 = P(L))

P

Np = t* JNmin * P(L)(1 = P(L)) + Ny, * P(L) + 1

t * \/Nmin * P(L)(1 = P(L)) + Ny, *P(L) + 1
lim

=1
Nfg—o NF

min __ 1

NN, PO
Because the video frame size of HD H.264 video is large and we can hold some
video frame in the MAC buffer, the amount of fragmented packets is large enough to

N i .
make % converges to the reciprocal of packet error rate.
F

7.2 Minimal Reserved TimeAnalysis

The minimum reservation time is-to-ensure the QoS of HD video transmission
over the error-prone wireless environments. In home environment, the transmission
rate is basically stable, in this case, the minimal reserved time is primarily affected by
the payload length. To calculate the optimal payload length for achieving the minimal
reservation time, following optimization problem is constructed:

Min Nmin (L) * TZ (L) (15)

where N, (L) is minimal reserved number of packets fragmented by payload
length L, and T, (L) is the packet transmission and ACK response time using payload
length L.

To find the optimal payload length L.,,, we need to solved the optimization
problem, but it hard to solve it in MAC. As discussed, when Ny is large enough,
Lope in Eq. (12) approximates Ly, . The proof is shown below:

Nonin (1) _ 1
Np(L)  P(L)

If NF(L) — O,
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where Ng(L) is the number of the fragmented packets of each video frame using
payload length L.

The optimization problem (15) is equivalent to:
1

Max
Nmin (L) * T2 (L)

P(L) * L
L * Ngp(L) = T, (L)

= Max

Because the video frame size to transmit is constant for this problem, L * Ng(L)
is a constant. The optimization problem becomes:
P(L) * L
T (L)

Max

This problem is the same as equation (9) and also an optimization problem to
maximize the throughput, so L'Opt = Lyop. FOr HD H.264 video transmission, the
condition is always satisfied. We can use L'Opt to_fragment the video frames and use
the equation (15) to calculated the reservation time'in AWGN. The reservation time is

Tr = Niin (L’opt) * Ty (Llopt) (16)

7.3 Numerical Result

When the number of fragmented packets is getting large, the ratio of minimal
reservation packet number t would converge to the reciprocal of packet success rate.
The result is shown in Figure 13. It means that average retransmission times of each

1

packet are about —
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Figure 13 Variation of minimal reservation packet number to the number of
fragmented packets with bit error rate

If we buffer Ny video frames in the MAC-and send Ny Vvideo frames every
Nyg * f second, and the decoder buffer-holds. the same number of video frame, the
latency of video would not happen: It means that the deadline of the Nyp video
frames is Nyg * f second, it must‘reserve-enough time including retransmission to
transmit Nyg Vvideo frames before the deadline. Table VI is an example of created
table by solving Eq. (14), where Nyg is 15 at =30, and the bit rate of video is from
10 Mbps to 20Mbps, and the range of payload length is from 125 bytes to 4095 bytes.
If Ny is not on the table, we can use the linear interpolation to calculate the value of

Nlﬂlﬂ, and it could also satisfy the error constraint, because the convexity of the curve
F

in Figure 13. Suppose that the bit rate and the frame rate of the HD H.264 video is 10
Mbps and 30fps respectively and buffer fifteen video frames in the MAC for our
following simulation. The detail of parameter of video in our simulation is shown in
Table VII.
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TABLE VI Table of NNL

F

PSR 1ok Np=1 Ng=10 | Np=100 | Ny=1000 | Nz=10000

05 2 17 4.7 2.67 2.195 2.0598

0.6 1.67 13 3.7 2.17 1.812 1.7113

0.7 1.43 10 3 1.81 1537 1.4617

0.8 1.25 7 2.4 1.52 1.328 1.2737

0.9 1.11 5 1.9 1.29 1.161 1.1261
1 1 1 1 1 1 1

Table VIl Parameter of video

Bit Rate 10 Mbps
Frame Rate 30
Number of Frames in the MAC Buffer 15
Dead Line of the Video Frames 0.5 second (= 7 superframes)
Data Size in the Buffer 5Mb

In Figure 14, we find that the approximated payload length for maximal
throughput L'Opt and the payload length L,,, of minimal Reservation time are close,
and there is a little difference at small bit error rate, because the number of
fragmented packets of the video is small. Figure 15 shows that the number of reserved
MAS per superframe. The maximal MAS number which we can use per superframe is
224. From Figure 15, it could also transmit the HD video when the error rate is small
such as 4 = 10™*. Figure 16 and Figure 17 show the reserved MAS number with
different bit error rates of 480Mbps and 200 Mbps with the error constraints of

P, = 107%,10712,and 1071* . We would find the reservation time is almost the same
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and we can reserve a little more time to reach much smaller error rate of video frame.
When the bit error is small enough, the reservation time is small, and could support
several to transmit HD H.264 video. If we try to let the packet error rate get small, the
payload length must be getting small, and the overhead of each packet becomes larger,
so the minimal reservation time must be longer to satisfy the error criteria of video
frame. A numerical example is shown in Table VIII.
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Figure 14 Payload length in different bit error rate for minimal reservation time with
P, =108
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Figure 16 Reserved MAS number with different bit error rate at R=480Mbps

under the error constraint P, = 1078,10712,and 10~
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Figure 17 Reserved MAS number with different bit error rate at R=200Mbps under
the error constraint P, = 1078,107'2,and 1074
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Table VIII Minimal reservation time for different payload length

Bit Error Rate 107>
Bit rate of video 10 Mbps
Frame Rate of video 30 fps
Nug 15

Delay Constraint

0.5 s (=7 superframe)

Error Rate of video frame

1077

RPLCP

480 Mbps 200 Mbps

Packet Error Rate

0.28 0.05 0.24 0.05

Payload Length in bytes

4095 (Lo ) 636 3384 (Lope ) 636

Total Reservation Time

31729 ps 65480us 55127us 81597us

Total Reserved MAS

124 256 216 319

MAS Per Superframe
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CHAPTER 8
CONCLUSIION

In this work, we have proposed an control architecture to transmit the HD H.264
in WiMdeia system. We have shown that HD H.264 video transmission can meet its
performance criteria even with large packet error rate. An analytical model is also
established to calculate the payload length for the minimal reservation time which is
enough to transmit the fragmented packets with retransmission to satisfy the error
constraint of video before the encoder buffer is ran out. The reservation time is close
to the transmission time of the fragmented packet without retransmission multiplying
the reciprocal of packet success rate. It means that the average retransmission times of
each packet are about the reciprocal of PSR. Reserving additional time for
retransmission, the error rate criteria of video frame could be satisfied easily, and
could reduce the complexity of PHY layer. When the bit error rate is small enough,
the architecture could support several users to.transmit HD H.264 video.
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