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Abstract— Conventional packet-level forward error correction
(FEC) is found inapplicable with the stream control transmission
protocol (SCTP), because of its partially ordered transport
feature. To provide error resilience for respectively ordered data
streams, we propose to generate “parity streams” parallel to
the data streams. The use of parity streams allows multiple
data streams to be protected concurrently and also scalably. For
instance, unequal error protection (UEP) can be easily implemented within and/or across data streams, which is attractive
to streaming-media applications where preferential treatment on
different data units is desired.
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I. I NTRODUCTION
HE STREAM control transmission protocol (SCTP) [1],
[2] allows independent data streams from the upperlayer application to be multiplexed into one association and
maintains respectively the order of data units on different
streams, while it retains TCP-friendly congestion control and
congestion avoidance. This partially-ordered transport feature,
referred to as multi-streaming, is supported by regulating transmission at a unit of chunk. Each chunk is assigned a unique
transmission sequence number (TSN) while chunks belonging
to different streams are identified by stream identification
numbers (SIDs) and stream sequence number (SSNs). Multiple
chunks may be bundled into one SCTP packet for IP-transport.
However, unlike TCP, which allocates sequence numbers at the
packet level, there is no sequence number for SCTP packets.
To match the multi-streaming feature in SCTP, traditional
packet-level FEC [3], [4] should be adjusted accordingly to
present chunk-level FEC. Two implementations of chunklevel FEC are investigated in this letter. One is to append
parity chunks to data chunks in different streams, respectively.
Such “in-stream” FEC, although relatively easy to implement,
has deficiency as one parity chunk can only provide error
resilience for data chunks in the same stream whereas it
introduces transmission redundancy to all the streams. In this
letter, we propose to use “parity streams” to overcome the
deficiency. We show that by treating parity data as “independent” streams, data streams can be protected concurrently,
which accomplishes more efficient loss recovery, and scalably,
which allows different data chunks to be protected unequally
according to their application-related importance.

A detailed discussion on the two chunk-level FEC schemes
is presented in Section II. In Section III, we derive residual
error probabilities for the two schemes on a simplified Gilbert
channel and provide a numerical comparison with the derived
results. We conclude the letter in Section IV.
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Illustration on using parity streams with multi-streaming.

II. PARITY S TREAMS
Let us consider common FEC codes such as Reed-Solomon
codes, where for every block of k data chunks h = (n − k)
parity chunks are generated to form an n-chunk FEC block.
Such an (n, k) systematic code can recover up to h chunk
losses (erasures) as positions of the lost chunks in the chunk
sequence are known.
Figure 1 illustrates our basic idea of using “parity streams”
along with multi-streaming. As shown in Figure 1(a), chunks
from four data streams are separately ordered for delivery.
To form block erasure codes, instead of appending parity
chunks to four data streams respectively, one parity stream
is generated using data chunks from all the data streams.
Upon transmission, this parity stream is assigned a separate
stream identification number (SID). Since both data and parity
chunks are uniquely indexed, the receiving end can recognize
locations of lost chunks and recover the code block under
the code’s correcting capability. Meanwhile, partially ordered
transport can be performed for all the streams, which provides
more efficient use of the receiver’s streaming buffer [2].
In both in-stream FEC and parity-stream cases, side information needs to be transmitted for the receiver to decode the
FEC codes correctly. Efficient coding of such side information
is not within the scope of this letter. We reasonably assume
that overhead for sending the side information is negligible
compared to the entire bitstream.
A. Equal Error Protection
Figure 1(b) shows a scenario where equal error protection
is considered for s data streams. In-stream FEC appends h
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Our preceding discussion presented loose comparisons between the two FEC schemes. More analytically, in this section
we derive residual error probabilities of the two FEC schemes
and perform numerical comparisons with derived results. We
refer to the equal error protection case described in Section IIA for simplicity. Nonetheless, derivation can be easily applied
to unequal error protection with minor modifications. These
results are useful for devising rate-distortion optimal errorresilient schemes for multimedia applications.
We consider a simplified Gilbert channel, which is a
two-state
 Markov model
 with transition probability matrix
β
1−β
P =
where α and β are the probabilities
1−α
α
that chunk reception remains in failure and success states,
respectively. The mean chunk loss rate p, the average burstloss length r, and the correlation of two consecutive losses ρ
are
1
1−β
,r =
, and ρ = α + β − 1. (1)
p=
1−α+1−β
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parity chunks for every block of k data chunks in each stream,
respectively, while a parity stream generates hs parity chunks
for the total number of ks data chunks concurrently1 . The
solid and dashed arrows indicate chunk transmission orders in
the two cases, respectively, following a round-robin scheme.
In both cases, the entire FEC block under consideration has
a total number of ns chunks. Let QI (s), QP (s) denote the
probabilities that the entire block is correctly decoded in the
in-stream FEC and the parity-stream cases, respectively. Then
QI (s) = Pr{≤ h losses out of n chunks in each of s streams},
and QP (s) = Pr{≤ hs losses out of ns chunks}.
Proposition 1: Independent from the random loss process
in the ns-chunk block, QI (s) ≤ QP (s) for s ≥ 1.
The proof of Proposition 1 is trivial and is skipped here for
the limited space.
B. Unequal Error Protection
Although a larger FEC block in general results in higher
error-correcting ability, different data streams, as well as
different data chunks in each stream, may have unequal
decoding importance depending on the application and desire preferential error protection to achieve optimized ratedistortion performance. For example, an MPEG-4 synthetic
audio-visual scene may consist of various audio-visual objects,
each of which is independently coded into scalable resolutions.
In such a scenario, various objects can be transmitted over
multiple data streams regarding their coding independencies,
while unequal error resilience is added to different layers of
different objects through a plurality of FEC codes. With instream FEC, this can only be achieved by appending certain
numbers of parity chunks to different data streams, while with
parity streams, unequal error protection can be implemented
by generating multiple parity streams for arbitrary sets of
data chunks. As an example, Figure 2 shows that three
parity streams are generated for four data streams, where
chunks (Si,j , P1,j ), i, j = 1, 2, form a (10, 8) FEC code, and
(Si,j , P2,j ), i, j = 1, 2, ..., 5 form a (25, 20) code.
It is easy to show that using parity streams for unequal
error protection achieves equal or higher rate-distortion performance compared to in-stream FEC, as any UEP schemes
1 It

implemented by in-stream FEC can be generated by parity
streams while the reverse is not true.
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should be mentioned that using a larger FEC codeword will require increased coding complexity, which may be upper-bounded by the computation
resource in a particular implementation.

Let P (ν, m) be the probability of ν losses in a sequence
of m chunks, PG (ν, m) be the probability of ν losses in
m chunks ending with a successfully received chunk, and
PB (ν, m) be the probability of ν losses in m chunks ending
with a lost chunk. Following the literature [5], we have
P (ν, m) = PG (ν, m) + PB (ν, m).

(2)

For m = 1, 2, 3, ... and ν = 0, 1, 2, ..., m,
PG (ν, m) = βPG (ν, m−1)+(1−α)PB (ν, m−1),

(3)

PB (ν, m) = αPB (ν−1, m−1)+(1−β)PG (ν−1, m−1). (4)
The initial conditions for the recursion are
1−α
1−β
PG (0, 0) =
, PB (0, 0) =
, (5)
1−α+1−β
1−α+1−β
and PG (ν, 0) = PB (ν, 0) = PB (0, m) = 0 for ν = 0, m = 0.
In the parity-stream case, since all the ns chunks form one
FEC block, the recovering probability can be calculated by
QP (s) =

hs


P (ν, ns).

(6)

ν=0

The calculation of QI (s), i.e., the recovering probability
of the ns-chunk block in the case of in-stream FEC, is a
bit complex as multiple streams are transmitted interleavingly
(Figure 1(b)) and chunk losses among the interleaved streams
are inter-dependent. To account for the interleaving degree, it
is necessary to know transition probabilities for two chunks
that are spaced apart by an arbitrary d-chunk time in transmission, which are shown in [5] to be
αd = p + ρd (1 − p), and βd = (1 − p) + ρd p.

(7)

 I (s; κ1 , κ2 , ..., κl ) be the probability that streams
Now, let Q
κ1 , κ2 , ..., κl are correctly decoded among all s streams,
 I (s; κi |κ1 , κ2 , ..., κl ) be the conditional probability that
and Q
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Numerical comparisons of decoded error probabilities between in-stream FEC and parity streams in the burst-loss case.

stream κi is recoverable given streams κ1 , κ2 , ..., κl are all
recoverable. Herein we assume κ1 < κ2 < · · · < κl without
loss of generality. With the renewal property of a Markov
process, it is easy to show that the following equality holds:
 I (s; κi |κ1 , κ2 , ..., κl ) = Q
 I (s; κi |κ1 , κl ), κl < κi ≤ s.
Q
(8)
Applying (8), the probability QI (s) can be expressed as
s


 I (s; 1)
QI (s) = Q

κ=2
s


 I (s; 1)
=Q

 I (s; κ|1, κ − 1)
Q
 I (s; 1, κ − 1)Q
 I (s; 1, κ − 1, κ).
Q

(9)

κ=2

To evaluate (9) we need to calculate three types of proba I (s; 1, κ − 1) and Q
 I (s; 1, κ − 1, κ) for
 I (s; 1), Q
bilities: Q

3 ≤ κ ≤ s. QI (s; 1) can be calculated using (2)–(6) by
replacing the transition probabilities with αs and βs , as given
in (7), and setting s = 1 in (6). Similarly, the latter two quantities can be evaluated if joint-loss probabilities of multiple
streams are known. Generally denoting such probabilities by
Ps (νκ1 , νκ2 , ..., νκl , n) where νκj , j = 1, ..., l, is the number
of losses in stream κj and n is the total number of chunks in
each stream, we can rewrite QI (s) as
⎡
h
s
h
h




⎣
Ps (ν1 , n)
Ps (ν1 , νκ−1 , n)
QI (s) =
ν1 =0

κ=2

×

h


h


ν1 =0 νκ−1 =0
h


⎤

Ps (ν1 , νκ−1 , νκ , n)⎦ . (10)

ν1 =0 νκ−1 =0 νκ =0

Ps (ν1 , n) in (10) is given by (2)–(5) with properly replaced
transition probabilities. Following a similar logic as (2)–(5),
and using the results in (7), one can also derive recursive
expressions for Ps (ν1 , νκ−1 , n) and Ps (ν1 , νκ−1 , νκ , n) by
listing all possible ending states of the last chunks in the
considered streams. Explicit expressions are skipped here
because of the limited space.

Using (6) and (10), we perform numerical comparisons
between QI (s) and QP (s) and present the results in Figure 3,
where decoded error probabilities, 1−Qz (s) with z = P or I,
are plotted for different parameters. In particular, Figure 3(a)
shows the variation of decoded error probability with respect
to the average burst-loss length, while Figure 3(b) shows
the variation of decoded error probability with respect to
the number of data streams. Interestingly, it is observed
that QP (s) and QI (s) may exhibit non-monotonicity upon
different selection of parameters, particularly when the average
burst-loss length increases or the FEC code has lower errorcorrecting ability. Nevertheless, under same conditions, using
parity streams always achieves much lower error probabilities
than in-stream FEC, confirming the efficacy of parity streams
in providing error resilience for multiple data streams.
IV. C ONCLUSIONS
We proposed “parity streams” as a novel FEC scheme with
the stream control transmission protocol (SCTP), innovated by
the multi-streaming feature of SCTP. Analytical and numerical
results showed that using parity streams achieves concurrent,
and therefore more efficient, error protection than in-stream
FEC. The incorporation of parity streams with multi-streaming
is envisioned to facilitate the design of scalable and ratedistortion optimal streaming-media applications.
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