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Abstract— A novel UEP (Unequal Error Protection) method is proposed that utilizes the subcarrier
positions relative to pilot subcarriers in an OFDM multicarrier frame along with QAM (Quadrature
Amplitude Modulation) schemes. With the available physical layer techniques, a prioritized encoding
strategy based on the characteristics of the channel fading effects on the proximity data subcarriersto the
pilot subcarriers for layered video is developed. The strategy is to efficiently map the bit streams of
various priorities into the subcarriers with assisted info on their individual error recovery probability.
The proposed technology maintains a minimum QoS for all periods outside outage since the high priority
layer is guaranteed to be transmitted under BER constraints. At lower SNR scenarios this difference
between the pilot proximate subcarriersare more distinctive.
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l. INTRODUCTION

Compressed video hitstream transmission over wireless network is addressed in this paper. A new system that
integrates video source coding and channel coding for broadband wireless transmission is attempted to explore.
Specificaly, a system that integrates Orthogonal Frequency Division Multiplexing (OFDM) with unequal
error protection channel coding on prioritized subcarriers with QAM is proposed for robust video
transmission.

The work proposes an Prioritized Subchannels Error Protection (PSEP) scheme by jointly considering the
features of NAL layer in H.264/AVC and the characteristics of OFDM channels through sub-channel
partitioning, in which a cross-layer alocator is used to allocate channel resources for different priority video data
transmission for error resilient encoding. Various QAM schemes are used based on the subcarrier location. The
strong impact of the proposed method in terms of video quality is evaluated for H.264 video transmission.

Il.  ExistTING UEPWITH QAM METHODS

In a multi-carrier system, such as OFDM, a natural way to implement UEP is based on forward error
correction (FEC) [1]. Common approaches for UEP are based on channel coding, such as BCH (Bose and Ray-
Chaudhuri) code, RS (Reed Solomon) code, rate-compatible punctured convolutional code (RCPC), Turbo
coding etc. [2][3][4] . The basic ideais to employ different channel coding schemes to provide different levels of
protection to video data with different priorities. Retransmission can aso be combined with such schemes for
prioritization [5] [3]. By employing different channel coding schemes, video data of high-priority (HP) is given
more protection than low-priority (LP) data. UEP is classicaly performed at channel coding level, through
convolutional and, more recently, turbo codes. In [1], an UEP method is proposed for an OFDM system by
grouping sub-channels according to their channel gains, and power control is employed so that the subchannels
belonging to the same group have the same signal-to-noise ratio (SNR).

Most OFDM systems use a fixed modulation scheme over all carriers for simplicity. However each carrier in
a multiuser OFDM system can potentially have a different modulation scheme depending on the channel
conditions. Any coherent or differential, phase or amplitude modulation scheme can be used including BPSK,
QPSK, 8PSK, 16QAM, 64QAM, HQAM etc.
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HQAM is an efficient modulation mode that achieves additional compression by assigning more than one bit
to each transmission symbol. In the 64-QAM constellation (Fig 1), among the six bits of each symbol, as a result
of the Gray bit distribution of the points, the two most significant bits (MSB) have the same value in each
quadrant. Therefore, these two bits are more distinguishable and so have lower bit error rates than the four least
significant bits (LSB) [10]. To provide UEP for video stream, this property of hierarchical QAM (HQAM) can be
applied.
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Fig 1: A non-uniform 64-QAM mapping with alpha=ab =4

HQAM is a simple and efficient approach in which a non-uniform signal space constellation is used to give
different degrees of protection [11], [12]. The advantage of this method is that different degrees of protection are
achieved without an increase in bandwidth; in contrast to channel coding that increases the data rate by adding
redundancy.

One major drawback of conventional HQAM (as in the digital video broadcasting standard for example) is
that there are fixed allocated capacities for the HP and LP video layers. However in data partitioning, the
corresponding parts of the coded data do not necessarily produce a constant bit-rate ratio. Therefore, conventional
HQAM isnot well suited to such application without either accepting delay or losing HP protection.

In systems that use a fixed modulation scheme the carrier modulation must be designed to provide an
acceptable BER under the worst channel conditions. This results in most systems using BPSK or QPSK. These
give apoor spectral efficiency (1-2 bits/'s’'Hz) and provide an excess link margin most of the time.

IIl. PRrROPOSED METHOD

In the proposed technique, the channel estimation in conjunction with error probability of subcarriers
proximate to pilot subcarriers had been explored achieved higher UEP.
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A. Channel Effect Recovery of Proximity Pilot Carriers

The error response on the 1024 bit locations of a 1024 subcarrier OFDM after reception and channel
estimation is as shown in Fig 2. The pilots are placed in an interval of 80 subcarriers, excluding the guard
interval to form 7 pilots. The Pilot locations, Data locations and Guard intervals are shaded for better visibility
in Fig 2. After channel estimation the pilot subcarriers will have comparatively lesser distortion from the
channel effects and hence the sharp peaks of BER.
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The subcarrier response of data subcarriers excluding the pilot subcarriers are shown in Fig 3. The peaks and
troughs are formed in relation with the position of the pilot subcarriers. The data subcarriers near to the pilot
subcarriers have lower BER. As the data subcarriers located further from the pilot subcarriers, it is prone to
more errors and has higher BER.
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Fig 3: Proximity subcarrier BER

The following BER diagram Fig 4 shows the channel responses for near proximity subcarriers and far
proximity subcarriers. Any kind of error correction mechanisms including the FEC is not used with the intention
of focusing on the study of the channel response with proximity subcarriers.
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Fig 4: Proximity subcarrier BER

This property of lower probability of BER on proximity sub carriersis extended to use for the Unequal Error
Protection for prioritized video transmission. The data subcarriers are categorized into three groups based on the
proximity of with the pilot subcarriers. The prioritized data from the NAL layer is mapped into the grouped
data-subcarriers accordingly.

B. Near Field and Far Field Channel Response

Extensive tests had been carried out to opt for the best ratio between the allocation in Near Field Subcarriers
and Far Field Subcarriers. Fig 5 shows the PSNR in two different ratios of 30% vs 60%. A ratio of 30% is
utilized which in all cases gives a graceful degradation as channel SNR decreases. Since the probability of the
BER is different for Near Field Data Carriers (NFDC) and Far Field Data carriers (FFDC), the FEC rate should
be considered according to the bit mapping on the subcarrier locations.
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Fig 5: Ratio of Near Field and Far Field in 64kbps

Actual video quality depends on PER (Packet Error Rate). In video encoding, even if asingle bit in a packet is
lost the entire packet shall not be used and is assumed lost. Assuming a packet size of 1000 bits and a BER of
10-3, then on an average only 1 bit in a packet will be lost. A very simple but high rate coding mechanism
(convolution coding with veterbi decoding) with low complexity that can correct a few bits will be sufficient to
further bring down the PER to an acceptable value. Effectively, the FEC ratio will be different for packets with
different priorities.

C. QAM Prioritization scheme

Each modulation scheme of BPSK, QPSK, 8PSK, 16QAM, 64QAM, HQAM provides a tradeoff between
spectral efficiency and the bit error rate as shown in Fig 6. The prioritization efficiency can be maximized by
choosing the highest modulation scheme that will give an acceptable BER. In a multipath radio channel,
frequency selective fading can result in large variation in the received power of each carrier.

For a channel with no direct signal path this variation can be as much as 30 dB in the received power resulting
in a similar variation in the SNR. Using prioritized modulation the carrier modulation is matched to the SNR,
maximizing the overall packet protection.

Thus the priority of the packet decreases the modulation can be increased from 1 bits'sHz (BPSK) up to 4-6
bitssHz (16QAM - 64QAM), significantly increasing the spectral efficiency and transmission rate of the overall
system. Preliminary results show that for a cellular network the system capacity can potentially be doubled using
prioritized modulation.
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Using prioritized modulation, the remote stations can use a much higher modulation scheme according to the
priority of the video packet. Fig 7 depicts such as system where Prioritized Bit Loader module switches between

various modulation to achieve the PQAM scheme,
é
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Fig 7: Prioritized QAM Bit Loader

Prioritized modulation doesn’t require knowledge of the radio channel since it is not working on feedback
based system, where in which Adaptive modulation requires accurate knowledge of the radio channel. The
modulation scheme is based on the priority of the video packet and the proximity to the pilot sub carrier.

REsSULTS AND COMPARISON

The prioritized modulation shows significant gain in BER even in poor SNR. Fig 8(c) shows the BER after
mapping QPSK in Far-Field and 64QAM in Near-Field. The BER of the Far-Field is considerably improved from
BER-L3to BER-L2.
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Fig 8: BER of the Far Field for prioritized modulation

The UEP-PPS-PQAM transmission of data-partitioned coded video have been smulated in Gaussian and
fading environments with a constant total channel rate, ch = 64 kbps and 200kbps. The Fig 9 and Fig 11 shows
the PSNR performance comparisons between scheme Non-PSP-UEP1[7], Non-PSP-UEP2[8], UEP-PSP[13],
UEP-PPS-FEC[14] and UEP-PPS-QAM.
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A. VIDEO AT 64KBPS
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Fig 9: Video Quality in 64kbps

From the PSNR plot of Fig 9 it is inferred that the PPS-QAM outperforms other schemes during the SNR is
very poor (Fig 10). But when the SNR improves, the difference between the PPS-PQAM and other schemes are

similar. This shows the specific capability of PPS-QAM to perform well during low SNR in wireless channel.

Fig 10: Comparison of subjective reconstructed video quality for Carphone video sequence at SNR=22.0dB in 64kbps; (a) UEP-PPS-
QAM the proposed scheme; (b) Non-PPS-UEP-1 scheme from [8];

B. VIDEO AT 200KBPS
For 200 kbps at low SNRs (Fig 11), the PPS-PQAM system is not much of difference than the UEP-FEC[ 14]
system. Thisis because at this bit rate, the PC1 stream can have enough protection required. In al cases, the PPS-

PQAM method gives a graceful degradation as channel SNR decreases.
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Fig 11: Video Quality in 200kbps

It is also understood that the Prioritized modulation doesn’t require knowledge of the radio channel sinceit is
not working on feedback based system, where in which Adaptive modulation requires accurate knowledge of the
radio channdl. This property forms a definite advantage over Adaptive modulation schemes.

REFERENCES

[1] Yansun, Xiaowen Wang, K.J. Ray Liu, “A Joint Channel Estimation and Unequal Error Protection Scheme for Video Transmission in
OFDM Systems’, Proceedings. 2002 International Conference on Image Processing. Volume 1, 22-25 Sept. 2002 Page(s):1-549 - |-
552.

[2] J. Hagenauer, “Rate-compatible punctured convolutiona codes (RCPC codes) and their applications,” |EEE Trans. Commun., vol. 36,
no. 4, pp. 389-400, April 1998.

[3] L.P.Kondi, F. Ishtiag, and A. K. Katsaggelos, “Joint source-channel coding for scalable video,” in Proc. SPIE Conf. On Image and
Video Communications and Processing'00, San Jose, CA, USA, April 2000, pp. 324-335.

[4] N. Thomos, N. V. Boulgouris, and M. G. Strintzis, “Wireless image transmission using turbo codes and optima unequal error
protection,” |EEE Trans. Image Processing, vol. 14, no. 11, pp. 18901901, November 2005.

[5] M. Khansari, A. Jdai, E. Dubois, and P. Mermelstein, “Low bit rate video transmission over fading channels for wireless
microcellular systems,” |EEE Trans. Circuits Syst. Video Technol., vol. 6, no. 1, pp. 111, February 1996

[6] S. O'Leary, “Hierarchical transmission and COFDM systems,” |EEE Trans. Broadcast., vol. 43, no. 2, pp. 166-174, June 1997.

[71 A. Albanese, J. Blomer, J. Edmonds, M. Luby, and M. Sudan, “Priority Encoding Transmission,” |EEE Trans. Inform. Theory, vol.42,
pp.1737-1744, Nov. 1996.

[8] R. Puri and K. Ramchandran, “Multiple Description Source Coding through Forward Error Correction Codes,” in Proc. Asilomar
Conference on Signals, Systems, and Computers, Asilomar, CA, Oct. 1999.

[9] R.Van Dyck and D. J. Miller, “Transport of wireless video using separate, concatenated, and joint source-channel coding,” Proc. of
the IEEE, vol. 87, pp. 1734-1750, October 1999.

[10] Hassan, K. and Henkel, W., “UEP with Adaptive Multilevel Embedded Modulation for MIMO-OFDM Systems,” OFDMWorkshop
2008, Hamburg, Aug. 27-28, 2008.

[11] S. O'Leary, “Hierarchical transmission and COFDM systems,” |EEE Trans. Broadcast., vol. 43, no. 2, pp. 166-174, June 1997.

[12] ETSI, Digital Video Broadcasting (DVB); Framing structure, channel coding and modulation for digital terrestrial television, EN 300
744V 1.5.1., November 2004

[13] Tony Gladvin George, N.Mamurugan, “UEP based on Proximity Pilot Subcarriers in OFDM”, International Journal of Soft
Computing and Engineering (IJSCE), ISSN: 2231-2307, Volume-1, Issue-3, July 2011

[14] Tony Gladvin George, N.Mamurugan, “UEP based on Proximity Pilot Subcarriers with FEC in OFDM”, Int. J. Comp. Tech. Appl.,
Vol 2 (4), 1021-1024 1JCTA | JULY-AUGUST 2011 I SSN:2229-6093

ISSN : 0975-3397 Vol. 3No. 8 August 2011 2925





