
Towards 6G Data-Oriented Uplink RSMA Systems:
Delay-Outage Ratio Analysis

Mehmet Can1, Mehmet C. Ilter2, Ibrahim Altunbas1, and Mikko Valkama2
1Faculty of Electrical and Electronics Engineering, Istanbul Technical University, Turkiye

2Department of Electrical Engineering, Tampere University, Finland
Email: {canmehmet, ibraltunbas}@itu.edu.tr; {mehmet.ilter, mikko.valkama}@tuni.fi

Abstract—The so-called data-oriented approach has gathered
significant attention in the context of short-packet communications
in fifth-generation (5G) and beyond networks. Specifically,
it introduces a transient performance metric for small data
transmissions, where the amount of data and available bandwidth
play crucial roles. Such data-oriented approach has recently been
introduced in downlink rate-splitting multiple access (RSMA)
system context, which represents a flexible and promising
non-orthogonal multiple access paradigm. Building upon such
prior-art, this paper introduces the data-oriented approach
to uplink RSMA systems under the finite blocklength regime.
Specifically, we consider rate-adaptive and power-adaptive uplink
RSMA mechanisms, under the data-oriented approach, and derive
analytical expressions for the delay-outage ratio (DOR) metric.
The analytical derivations are validated through corresponding
Monte Carlo numerical simulations. The numerical results show
that the DOR performance is directly linked with the transmit
antenna diversity, while being also dependent on the accuracy of
the channel state information as well as on the power budget of
the uplink users. The obtained results highlight the importance
of the new data-oriented DOR metric for efficient design of the
uplink RSMA mechanism in future networks.

Index Terms—5G, 6G, data-oriented approach, delay-outage
ratio, multiple access, short-packet communications, uplink RSMA.

I. INTRODUCTION

The advent of 6G applications brings new and challenging
requirements across various use cases, which increase the
necessity of effective radio access mechanisms [1]. To this
end, along 5G standardization, the concept of non-orthogonal
multiple access (NOMA) has been proposed [2]. It facilitates
simultaneous sharing of a dedicated frequency channel
by multiple users and thus enhances the system capacity
considerably, outperforming conventional orthogonal multiple
access (OMA) systems in both infinite and finite blocklength
scenarios [3]. However, the NOMA mechanism relies on
successive interference cancellation (SIC) receivers, and can
suffer from suboptimal multiplexing gains in multi-antenna
scenarios [4]. Consequently, there is a clear need for novel
strategies to address the various radio access requirements and
related advanced interference management schemes in the early
stages of 6G research and standardization work.

To this end, there is a growing interest in non-orthogonal
unicast and multicast (NOUM) transmission, which in general
allows both unicast and multicast messages to share the same
time-frequency resource blocks [5]. For instance, in the case of
multi-user linear precoding (MU-LP), the transmitted message
comprises two distinct streams. One stream is designated for

multicast transmission to all users, while the independent
unicast streams are linearly precoded and combined prior to
transmission. In this scenario, a single-layer SIC technique is
employed during the decoding process at each user, primarily
after decoding the multicast stream. Inspired by this, the
single-layer SIC approach has evolved into a multi-layer
SIC-based version, introducing a novel concept of partially
decoding interference and partially treating it as noise [5]. Then,
a robust interference management and access strategy, known
as rate splitting multiple access (RSMA), has emerged building
on the idea of segmenting the message into common and
private components for each user [6]. The common segments
are collectively encoded into a shared stream, while distinct
encoders can be employed for the private streams, being then
subsequently superimposed onto the shared stream. At the
receivers’ end, SIC is applied at each user to facilitate the
decoding of both the common and private streams. Additionally,
RSMA technique can be adopted into the uplink transmission
[7] where one of the users splits its message into two messages
to improve the performance.

Owing to the strict latency requirements in a variety of
5G and anticipated 6G use-cases, there has been a growing
interest in short-packet communications and thereon in finite
blocklength transmissions. When finite blocklength is taken
into consideration, the information-theoretic limits concerning
achievable rates and block error rates (BLER) differ from those
associated with infinite blocklength capacity [8]. To this end,
existing RSMA design frameworks were initially built upon
Shannon channel capacity with infinite blocklength assumption
and consequently ignored finite blocklength regimes and latency
constraints. However, [9] has recently introduced an analysis
of RSMA performance in downlink communication system
context under the finite blocklength regime. It has been followed
by uplink systems, along with precoder design considerations
in [10].

In addition to the consideration of the finite blocklength
regimes, the so-called data-oriented approach has been recently
introduced as a novel perspective in wireless transmission
[11]. This approach puts the individual data-transmission
sessions in the center of the design rather than utilizing
long-term average channel statistics, commonly referred to as
the channel-oriented approach. In the classical channel-oriented
approach, the analysis assumes a vast number of coherence
time intervals during data transmission, thus making ergodic



capacity analysis a feasible metric to reflect the performance
of a given wireless communication system. In contrast, the
data-oriented approach shifts the focus to the quantity of data
and the available bandwidth since data transmission sessions
are completed essentially within a single channel coherence
time, involving short-packet transmission sessions [12]. For a
better insight and to provide a concrete example, consider a
scenario where a 1 kbit packet needs to be transmitted over a
wireless channel with a 1 Mbit/s data rate and the channel gives
an average bit error rate of 10−4. In such cases, accounting
for fading effects’ fluctuations, there is no guarantee for a
successful transmission with 99.999999% certainty based on
the given average channel performance within 1 ms [11].

In the context of the data-oriented approach, a new metric
referred to as the delay outage ratio (DOR) is in the center
of the system design, which places emphasis on evaluating
the impact of latency on various network configurations [11].
The DOR metric for the short-packet transmission over fading
channels was presented in [12] and inspired by it, [13] showed
how the DOR expression can be utilized for searching optimum
constellation points over a coded scenario. Furthermore, the
DOR metric has been recently utilized in the coverage analysis
of reflective intelligent surfaces (RIS)-aided communication
systems [14] and in visible light communication scenarios [15].

In [16], the data-oriented approach was adopted into
downlink RSMA systems where two different precoder designs
were investigated based on the proposed DOR metric. The
simulation results illustrate that applying the data-oriented
approach to the downlink RSMA systems achieves better
performance in terms of packet delivery time and transmitted
power for individual transmissions compared to the existing
MU-LP and NOMA downlink systems. In this paper, inspired
by the prior downlink work, we focus and introduce the
data-oriented approach to uplink RSMA systems. Specifically,
analytical DOR analysis is presented via two different
schemes, where the first one considers variable rate along with
fixed transmit power, denoted as rate-adaptive transmission
(RAT) scheme, and the second one assumes power-adaptive
transmission (PAT) where transmit antenna selection is
deployed in the multi-antenna users, while including also
erroneous channel state information (CSI) aspects. The derived
analytical DOR expressions are validated for both cases through
empirical Monte Carlo simulations, while the comparison
of both schemes along with the OMA counterparts are also
given. The presented results connect the DOR performance of
the uplink mechanisms with the users’ capability of transmit
diversity and the acquisition of channel state information along
with the available power budget. And most importantly, the
importance for the novel data-oriented DOR metric to evaluate
uplink RSMA mechanisms is underlined.

The rest of the paper is organized as follows: A two-user
uplink RSMA model is described in Section II, including
also the notion of imperfect channel state information for
uplink transmission. Then, the definition of the DOR metric
is presented in Section III, while Section IV introduces and
provides the analytical DOR derivations for the RAT and PAT

BS

Fig. 1: Block diagram of the considered two-user uplink RSMA system, where
each user has multiple transmit antennas, while the BS employs a single
receive antenna for these users.

schemes, respectively. The numerical results are presented and
analyzed in Section V. Finally, Section VI concludes the paper.

II. UPLINK RSMA SYSTEM MODEL

We consider a two-user uplink RSMA transmission as
illustrated in Fig. 1, where the users equipped with Nk transmit
antennas are denoted by Uk, k ∈ {1, 2}, and intend to send
their messages to a base station, BS, where Gaussian codebooks
are considered in the users. For presentation and notational
simplicity, it is assumed that the BS has or allocates only one
receive antenna for the considered users. The complex channel
coefficient between the nth transmit antenna and the BS, hk,n,
follows CN (0, 1), and the CSI can be obtained using linear
minimum mean squared error (LMMSE) estimator. Based on
this, the channel coefficients with estimation error are expressed
as [17]

hk,n = h̃k,n + ek,n, (1)

where ek,n represents the channel estimation error and it is
modeled by CN (0, σ2

e,k). Under unit fading power assumption,
the estimated channel coefficient, h̃k,n, follows CN (0, 1 −
σ2
e,k) along with σ2

e,k =
1

PkLk
[17]. Note that Pk is the

transmit power at Uk and Lk is the length of the training
sequence. Furthermore, the transmit antenna selection out of
Nk antennas is assumed to be deployed at the users, thus the
antenna selection criteria at Uk is given by [18]

n∗
k = arg max

n∈{1,··· ,Nk}

{
|h̃k,n|2

}
, k ∈ {1, 2}. (2)

where n∗
k is the selected transmit antenna index at the kth user,

n∗
k ∈ {1, . . . , Nk}.
In the context of two-user RSMA uplink scenario, the first

user’s message is split into two parts and each one is mapped
into s11 and s12, while the message of U2 is mapped into
s2 [7] along with unit symbol power assumption such that
E[|s11|2]=E[|s12|2]=E[|s2|2]= 1. Then, the received signal
at the BS is given by

y=
√
P1h1,n∗

1

(√
αs11+

√
1−αs12

)
+

√
P2h2,n∗

2
s2 + w, (3)

where w is the unit power additive Gaussian noise at the BS.
Also, α is the power allocation coefficient that distributes the



first user transmission power, P1, among the split messages, s11
and s12, such that 0 < α < 1. In the BS, it is assumed that
the decoding order is s11 → s2 → s12 as in [7], [10]. In the
process of decoding s11, the signal-to-interference-plus-noise
ratio (SINR) at the BS is expressed as

γ11 =
P1αg1

P1(1− α)g1 + P2g2 + P1σ2
e,1 + P2σ2

e,2 + 1
, (4)

where gk = |h̃k,n∗
k
|2. Once s11 is decoded and performing SIC

before decoding s2, the SINR for the phase of decoding s2
turns into

γ2 =
P2g2

P1(1− α)g1 + P1σ2
e,1 + P2σ2

e,2 + 1
. (5)

Finally, another SIC is applied and it results in following
signal-to-noise ratio (SNR) expression for decoding s12

γ12 =
P1(1− α)g1

P1σ2
e,1 + P2σ2

e,2 + 1
. (6)

III. DATA-ORIENTED DESIGN METRIC: DOR

As proposed in [11], the data-oriented approach focuses
on individual transmission sessions rather than considering
long-term channel statistics. For this purpose, the DOR
is defined as the probability that the required information
delivery time for a specific transmission exceeds the predefined
threshold. In the context of uplink RSMA transmission, the
DOR can be defined as the probability that the time required to
deliver the message of the Uk exceeds a predefined threshold,
Tth,k [19]. After considering individual DOR expression for
each user, the total DOR for uplink RSMA transmission can
be formulated as

DOR=1−Pr(max{DT11,DT12}<Tth,1,DT2<Tth,2), (7)

where the information delivery times for the considered

messages are formulated as DT11 =
H1θ

BR11
, DT12 =

H1(1− θ)

BR12
, and DT2 =

H2

BR2
, respectively. Herein, B is the

channel bandwidth, Rj denotes the achievable rate for the sj
message, j ∈ {11, 12, 2}, and Hk is the length of the uplink
message at the Uk. Note that the ratio regarding the lengths of
s11 and s12 at the first user is adjusted based on a parameter
θ, 0 < θ < 1.

When the finite blocklength regime is considered, Shannon
capacity is no longer achievable and becomes inefficient for
characterizing the reliability and latency of a given system and
the achievable rate expression, Rj , can be given by [8]

Rj ≈ log2 (1 + γj)− log2 (e)

√
V (γj)

lj
Q−1 (ϵj) (8)

in the unit of bits per second per Hz, where ϵj represents the
block error rate (BLER), V (γj) is the backoff from channel
capacity formulated as V (γj) = 1− (1+γj)

−2, and lj denotes
the blocklength, respectively. Also, Q−1 (·) corresponds to the
inverse of the Gaussian Q function [20].

IV. DATA-ORIENTED UPLINK RSMA DESIGN

Once the DOR expression of the given two-user
uplink RSMA transmission model is defined, two different
transmission schemes are now introduced for data-oriented
uplink RSMA transmission, which are referred to as
the rate-adaptive transmission (RAT) and power-adaptive
transmission (PAT), respectively.

A. Rate-Adaptive Transmission (RAT)

In this subsection, we consider the ideal continuous RAT
scheme which implies fixed transmit power at the users,
Pk, while the user is assumed to achieve the maximum
transmission rate, Rj , for given channel conditions. Then, the
DOR expression for the RAT design can be reformulated as

DORRAT=1−Pr
(
R11≥R̂11,th, R12≥R̂12,th, R2≥R̂2,th

)
,

(9)
where the rate thresholds based on blocklength, predefined

threshold, and channel bandwidth are R̂11,th =
H1θ

BTth,1
,

R̂12,th =
H1(1− θ)

BTth,1
, and R̂2,th =

H2

BTth,2
, respectively.

Then, DORRAT expression in SINR/SNR domain can be
defined as

DORRAT=1−Pr
(
γ11 ≥ γ̂11,th, γ12 ≥ γ̂12,th, γ2 ≥ γ̂2,th

)
.

(10)
Herein, it is very difficult to obtain γ̂j,th values in a closed
form from R̂j,th after considering (8). Therefore, an iterative
solution such as the Newton-Raphson method [21] can be used
for calculating γ̂j,th with good accuracy similar to [22]. By
doing so, γ̂j,th values can be estimated from (8) after (t+1)th
iteration as

λ(t+1) = λ(t) −
log2(1+λ(t))−νj

√
1−

(
1 + λ(t)

)−2−R̂j,th

log2(e)

1+λ(t) − νj

(1+λ(t))
3
√

1−(1+λ(t))
−2

,

(11)
where λ = γ̂j,th and νj = log2(e)Q

−1(ϵj)/
√

lj . Initially, the
first iteration starts with λ(0) = 2R̂j,th−1 and the iterations are
terminated after achieving |λ(t+1) − λ(t)| ≤ δ, where δ is
the tolerance of convergence. Then, combining the SINR/SNR
expressions in each decoding stage which are given in (4)-(6),
(10) can be rewritten as

DORRAT=1−Pr
(P1g1−Λτ11

τ11P2
>g2>

γ̂2,th(P1(1−α)g1+Λ)

P2
,

g1 > ξ
)
.

(12)
where

Λ = P1σ
2
e,1 + P2σ

2
e,2 + 1, (13a)

ξ = max

{
Λτ11
P1

,
Λτ12
P1

,
Λ(τ11 + τ11γ̂2,th)

P1(1− (1− α)τ11γ̂2,th)

}
, (13b)

τ11 =
γ̂11,th

α− (1− α)γ̂11,th
, (13c)



τ12 =
γ̂12,th
1− α

. (13d)

Then, (12) can be formulated as

DORRAT=1−
∞∫
ξ

Fg2

(
P1x− Λτ11

τ11P2

)
fg1(x)dx

+

∞∫
ξ

Fg2

(
γ̂2,thP1(1−α)x+Λγ̂2,th

P2

)
fg1(x)dx,

(14)
where Fgk(x) and fgk(x) denote the cumulative distribution
function and the probability distribution function of gk,
respectively, and are given as [23]

Fgk(x) =
(
1− e

− x

σ2
k

)Nk

=

Nk∑
n=0

(
Nk

n

)
(−1)ne

−nx

σ2
k , (15)

fgk(x) =
Nk

σ2
k

e
−x

σ2
k

(
1− e

−x

σ2
k

)Nk−1

=
Nk

σ2
k

Nk−1∑
i=0

(
Nk−1

i

)
(−1)ie

−(i+1)x

σ2
k ,

(16)

along with σ2
k = 1− σ2

e,k. Finally, substituting (15) and (16)
into (14) along with utilizing [20, Eq. (3.310)], the RAT-based
DORRAT expression can be derived as in (17) as shown at
the top of the next page.

B. Power-Adaptive Transmission (PAT)

In this subsection, we consider the PAT scheme where as
being different from RAT-based design, the fixed data rate that
satisfies a given time threshold, Tth,k is considered and the
transmit power, Pk, is adapted based on the channel conditions.
In this respect, after considering (12), Pk which satisfies Rj =
R̂j,th is given by

P2g2−γ̂2,th
g1(1−α)γ̂2,th

≥P1≥max

{
γ̂11,thP2g2 + γ̂11,th
g1(α−(1−α)γ̂11,th)

,
γ̂12,th

g1(1−α)

}
.

(18)
From (18), the minimum Pk required to achieve R̂j should
satisfy the following:

P2g2 − γ̂2,th
g1(1− α)γ̂2,th

=
γ̂11,thP2g2 + γ̂11,th

g1(α− (1− α)γ̂11,th)
=

γ̂12,th
g1(1− α)

.

(19)
Then, the minimum Pk values can be obtained from (18)

and (19) such that P PAT
1 =

γ̂12,th
g1(1− α)

and P PAT
2 =

γ̂12,thγ̂2,th + γ̂2,th
g2

. Considering the limited power budget of

the users, it should be noted that if the required Pk turns into a
higher value than the maximum allowed transmit power, Pmax,
it is assumed that the DOR happens so the user stays inactive
such that [24]

Pk =

{
PPAT
k , PPAT

k ≤ Pmax

0, PPAT
k > Pmax.

(20)

To exclude the second condition above resulting from channel
state information error, perfect CSI is assumed for the PAT
schemes. After substituting PPAT

1 and PPAT
2 into (19), the α

value for the PAT scheme, αPAT, can be obtained as

αPAT =
γ̂11,th(γ̂12,th + 1)(γ̂2,th + 1)

γ̂11,th(γ̂12,th + 1)(γ̂2,th + 1) + γ̂12,th
. (21)

Then, the DOR for the PAT scheme can be given as

DORPAT = 1−
[
1− Fg1

(
γ̂12,th

(1− αPAT)Pmax

)]
×
[
1− Fg2

(
γ̂2,th(γ̂12,th + 1)

Pmax

)]
.

(22)

Finally, substituting (15) into (22), DORPAT can be calculated
as

DORPAT= 1−
N1∑
i=1

N2∑
j=1

(
N1

i

)(
N2

j

)
(−1)i+j

× e
−

iγ̂12,th+j(1−αPAT)γ̂2,th(γ̂12,th+1)
(1−αPAT)Pmax .

(23)

V. NUMERICAL RESULTS

In this section, the DOR performance of uplink RSMA
transmissions with RAT and PAT schemes is evaluated using
Monte Carlo simulations, and the simulated results and the
DOR expressions derived in (17) and (23) are also mutually
compared and cross-validated to show the high accuracy of the
analytical results. Unless otherwise stated, in the simulations,
we set B = 2 MHz, H1 = H2 = 10 kbits, l11 = l12 = l2 =
l = 500 bits, ϵ11 = ϵ12 = ϵ2 = 10−4, Tth,1 = Tth,2 = Tth,
N1 = N2 = Nt and the simulations curves are plotted after 109

channel realizations. These are example practical values, while
additional numerical results can be generated for any other
parameterization scenario as well. In the first user configuration,
θ is arbitrarily set to 0.2 for the message length ratio between
s11 and s12. For the RAT scheme, α is arbitrarily chosen as
α = 0.9, and this value can be calculated from (21) based on
other parameters considered for the PAT scheme.

To begin with, Fig. 2 shows the DOR performance of
the RSMA with RAT (RSMA-RAT) and RSMA with PAT
(RSMA-PAT) schemes over different numbers of transmit
antennas, Nt = {2, 4, 8}, under the perfect CSI assumption.
For uplink transmission, the transmit antenna selection in (2)
is applied. For comparison, OMA schemes where one user is
scheduled to transmit its message to the BS [25] are included in
DOR curves. Moreover, in both RAT and OMA cases, P1 and
P2 are set as P1 = P2 = Pmax = 20 dB. It can be seen that
the PAT schemes outperform the OMA and RAT schemes for
all Nt values. Although the maximum values for P1 and P2 are
considered in the RAT schemes, the interference from the other
user tends to increase with the considered transmit powers, so it
yields worse DOR performance compared to the PAT schemes.
In this respect, the PAT scheme provides better interference
management and thus clearly better performance in terms of
DOR. For all considered simulations, the analytical curves



DORRAT = 1− N1

σ2
1

N2∑
n=0

N1−1∑
i=0

(
N2

n

)(
N1 − 1

i

)
(−1)n+i

e
nΛ

P2σ2
2
−ξ

(
nP1

P2τ11σ2
2
+ i+1

σ2
1

)
nP1

P2τ11σ2
2
+ i+1

σ2
1

− e
−

nΛγ̂2,th

P2σ2
2

−ξ

(
nγ̂2,thP1(1−α)

P2σ2
2

+ i+1

σ2
1

)
nγ̂2,thP1(1−α)

P2σ2
2

+ i+1
σ2
1

 .

(17)
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Fig. 2: The DOR performance of the RSMA-RAT and RSMA-PAT schemes
for Nt = 2, 4, 8 and Pmax = 20 dB.
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Fig. 3: The DOR performance of the RSMA-PAT scheme for Nt = 4 and
Pmax = 10, 15, 20 dB.

precisely match with the simulated curves. Moreover, increasing
the number of antennas provides better DOR performance for
both RSMA-RAT and RSMA-PAT.

In Fig. 3, the DOR performance of RSMA-PAT is presented
over different Pmax values, Pmax = {10, 15, 20} dB, when
Nt = 4. The DOR performance of the OMA scheme is also
shown for comparison and the transmit powers in the OMA
schemes are assigned as P1 = P2 = Pmax. For all Pmax

values, the RSMA-PAT provides better DOR performance
compared to the OMA, and the benefits of a larger power

500 1000 1500 2000 2500

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

Fig. 4: The DOR performance of the RSMA-RAT and RSMA-PAT schemes
for various blocklengths, Nt = 4, Pmax = 20 dB, and Tth = 3 ms.
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Fig. 5: The DOR performance of the RSMA-RAT scheme under the effect of
imperfect CSI for the parameters H = 10 kHz, B = 5 MHz, l = 1000 bits,
Pmax = 20 dB.

budget in terms of DOR perspective are observed. Again,
the analytical results are well-matched with the simulation
results. In Fig. 4, the variations of the DOR performance
are illustrated with respect to different blocklength values
considering RSMA-RAT and RSMA-PAT. In addition, the
infinite blocklength uplink RSMA schemes are also included
and since the channel dispersion term – i.e., the second term in
(8) – is eliminated for this case, the better DOR performance is
achieved. It can also be observed that the RSMA-PAT is more
affected by variations in blocklength whereas the RSMA-RAT



shows limited performance due to poor interference conditions
from the other user.

Then, Fig. 5 investigates the DOR performance of the
RSMA-RAT schemes with respect to different channel
estimation errors along with the perfect CSI case. In this
assessment, a wider channel bandwidth, B = 10 MHz, is
deliberately considered where accurate channel estimation is
of high importance. As it can be seen from the figure, the
sensitivity against channel estimation error, where the variance
of the channel estimation error is linked with the training
sequence length, L1 = L2 = L, in (1), becomes negligible
for higher Nt cases. For single antenna cases, since transmit
antenna selection cannot be deployed, the DOR performance
degrades around 1 ms for L = 1 compared to the perfect CSI
scheme.

VI. CONCLUDING REMARKS

Efficient access schemes for short-packet communications
is one decisive factor in the evolution of 5G towards the
future 6G systems. This paper addressed and proposed the
data-oriented communication and design approach for uplink
RSMA systems. To this end, the notion of the delay-outage ratio
was first analytically quantified and derived for two different
uplink RSMA scenarios, namely the rate-adaptive and the
power-adaptive transmissions. Then, these derivations were
validated by extensive Monte Carlo simulation results while
also varying the fundamental system parameters such as the
number of transmit antennas and the involved blocklengths. The
presented analysis tools and results are providing new insight
on the DOR performance of the uplink RSMA mechanism
when its users can deploy transmit antenna selection. From
the results, the superiority of uplink RSMA with respect to
more ordinary orthogonal multiple access is observed in the
terms of the derived DOR metric. In the RAT scenarios, it
is also shown that perfect CSI can deliver an extra 1 ms for
the considered uplink communication. In general, the findings
in this paper aim to pave the way for improved transmission
strategies in uplink RSMA scenarios, with particular emphasis
on improving the system performance in different emerging
short-packet transmission use cases towards the 6G era.
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