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Abstract—5G networks should support heterogeneous services spectral efficiency. The consequence is the mutual intsmfay

with an efficient usage of the radio resources, while meeting
the distinct requirements of each service class. We considéhe
problem of multiplexing enhanced mobile broadband (eMBB)
traffic, and grant-free ultra-reliable low-latency communications
(URLLC) in uplink. Two multiplexing options are considered;
either eMBB and grant-free URLLC are transmitted in separate
frequency bands to avoid their mutual interference, or both
traffic share the available bandwidth leading to overlaying
transmissions. This work presents an approach to evaluatehe
supported loads for URLLC and eMBB in different operation
regimes. Minimum mean square error receivers with and with-
out successive interference cancellation (SIC) are conskd in
Rayleigh fading channels. The outage probability is derivéd and
the achievable transmission rates are obtained based on tharhe
analysis with 5G new radio assumptions shows that overlaymis
mostly beneficial when SIC is employed in medium to high SNR
scenarios or, in some cases, with low URLLC load. Otherwise,
the use of separate bands supports higher loads for both sapnes
simultaneously. Practical insights based on the approachra
discussed.

I. INTRODUCTION

between the two service classes, which may compromise the
reliability of URLLC or degrade the eMBB data rate. Power
control schemes and multi-antenna receivers, includirg su
cessive interference cancellation (SIC), are potentiaitems
to mitigate the interference [5]. Our interest is then todgtu
whether separate bands or overlaying allocations is pexfer
for ensuring efficient multiplexing of both services, degieag
on the scenario, traffic load and receiver characteristics.
Previous works have formed the bases for studying the
coexistence of multiple traffic. The capacity of multi-amta
systems with spatial multiplexing is provided in [6], withc
without SIC. The work in [7] derives the reliability of the
minimum mean square error (MMSE) receiver in Rayleigh
channel including multiple interferers. In [8], the ovatilag of
broadband traffic and sporadic transmissions is studiaagusi
basic information theoretic tools. The dynamic multiphexi
of URLLC and eMBB traffic is evaluated considering preemp-
tion [9] and superposition schemes [10], which can be agplie
for scheduled transmissions. The recent work in [11] invest

The support for services with heterogeneous requiremengtttes the potential of non-orthogonal multiple access (MM
is one of the goals of fifth generation (5G) new radio (NR¥or heterogeneous services, though collisions betweenllRL
In particular, the enhanced mobile broadband (eMBB) anchnsmissions are not considered. The achievable rates in

ultra-reliable low-latency communications (URLLC) semwi

collision prone resources is discussed in [12] for sporadic

classes have distinct characteristics in terms of traffige ty URLLC transmissions and linear receivers. Collisions leetmw

and key performance indicators. While eMBB tolerates

multiple URLLC transmissions and eMBB transmissions is not

moderate reliability and focus on high data rates, URLLConsidered in the related works.

targets highly reliable small packets transmissions wiitbrs
latency deadlines, such dsns with 99.999% reliability [1].

In this paper we study the multiplexing of eMBB and
grant-free URLLC traffic using an analytical framework. The

In uplink, the eMBB traffic can be dynamically schedulegresented methodology is based on the findings in [7] and [8],
using large block lengths. However, the scheduling requeshere achievable rates in different interference sceaaiw
and grant procedure required for a packet transmission aith different receiver types have been derived. The perfor

source of delays and errors, which can jeopardize the
tency and reliability [2]. Therefore grant-free access,alth

lmance of both service classes is compared using overlaying
allocations and separate bands. We describe the outage prob

allows immediate access to the channel without the scheglulability in each case, i.e. the complement of the reliability
procedure, is considered for URLLC [3]. Multiple users canonsidering linear MMSE receiver, and also MMSE with SIC
share the same grant-free allocation to improve the radir the case of overlaying transmissions. Numerical amalys
resource utilization [4]. In a 5G network, the same carriés conducted considering NR requirements and numerology.
may need to support both grant-free URLLC and schedul&the required rate for URLLC transmissions is obtained and
eMBB traffic. One option is to split the available bandwidtlthe impact on the supported loads for eMBB and URLLC is
between each service class. However, this may lead to pewaluated with different settings. Further the paper dises
spectral efficiency in case of sporadic URLLC transmissionthe implications when either of the multiplexing option® ar
Sharing the same radio resources for grant-free URLLC anded and comes with concrete recommendations for 5G NR

eMBB traffic, with overlaying allocations, might improveeth

operation with heterogeneous services.
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. . fi
describes the system model. Section Il presents the outage , {
and achievable load calculation. Numerical results arevahow i-» L
in Section IV and discussed in Section V. Finally, conclasio ‘

WR

q.

are drawn in Section VI.

Il. SYSTEM MODEL

short-TTI

. . [ eMBB transmission [ grant-free URLLC transmission
We consider a scenario where users are connected and

synchronized to one serving cell for uplink data transroissi Fig. 1. Separate bands vs. overlaying transmissions for&Mdid URLLC.
N, active users have eMBB service, whilg, users have
URLLC service. The total available bandwidtii can either 1. ANALYSIS OF OVERLAYING AND SEPARATE BANDS
be split to each service class or be shared for overlaying
transmissions, as illustrated in Fig. 1. The users transwgt N this section we present an analytical approach to evaluat
a flat i.i.d Rayleigh fading channel with additive Gaussiai1® multiplexing of eMBB and sporadic URLLC traffic. The
noise. Users with a specific traffic type operate over the sa@@Proach builds on top of closed-form solutions that models
resources. the reliability for an ideal MMSE receiver with additive
For separate bands, we define a bandwidth split r&tio interference channels. The model presented in [7] allows to
With that, a bandwidtdV,, = W R is used for URLLC and consider each signal source with a different average terf
a bandwidthW, = W (1 — R) is used for eMBB, witho < Power relative to a desired source. The outage probability w
R < 1. For overlaying transmissions, it is assumed that botandomly active sources with the same power charactesistic
services use the full band’, so W, = W. = W. In this are described and numerically validated in [12]. In this kyor
case, eMBB signals have an average interferer power relatiye distinguish two classes which can possibly have differen
to URLLC expressed a8, i.e. for URLLC users with average @verage receive SNR, from a total of+ w interferers.v
receive power, and eMBB with average receive powgy of them have an average interferer power relative to the
over the same band) = p./p,. It is assumed that the userdesired source given y,. And w interferers have an average
from each service class are power controlled so that they #perferer power relative to the desired source denoted by
received with the same average signal-to-noise ratio (SNR).- We later relate the interferers as the URLLC ones,
To meet strict latency requirements, the URLLC transmissioand thew interferers as the eMBB ones. The desired source
occur in a short transmission time interval (TTI) of duratiocan be either an eMBB or an URLLC signal, that can suffer
T. Whereas eMBB transmissions use long TTIs which allowith interference coming from users of the same or different
to benefit from larger coding gains [13]. class. The outage probability for the transmissions stitifec
The eMBB traffic is resource greedy, inducing an unintefoterference is calculated as follows [7]:
rupted interference to other users that are transmittimglsa-
neously over the same bandl, > 1 can be seen as the case of M A, W n—1
multi-user MIMO, in which multiple users are scheduled to P (¥, v,w, Ty, Ty) = 1 —€¥/7 3" -1 <—> , (1)
transmit over the same time-frequency resources, expipiti n=1 T
the spatial dimension of a multi-antenna receiver [6]. Theherey is the average SNR of the desired source signal at the
traffic from each URLLC user is assumed to follow a Poissoreceiver input, and is the post-combining SINR required for
distribution with packet arrival rate\ per TTI and fixed receiving with an outage probabilitf;. With the two classes
payload size ofD bits. The outage probability targeted forof interferers, we have that
URLLC transmissions is,,, while for eMBB transmissions
it is e.. For 5G NR use cases the value @f should reach 1 ifvtw<M-—n
10~ in one or more transmission attempts, to satisfy the strict

_ M-n i

reliability requirement. Whereas, in cellular networkglsas An = L+ "G fo+w>M-—n’
LTE the value ofe, is in the order ofl0~!, for the sake of (1+90) (14 ¢ly)® @
high throughput [14]. The effect of HARQ retransmissions is

not considered in this work. where C; is the coefficient ofvy’ in the expansion of

An MMSE receiver with M antennas is assumed. In théll—; ZES?Iis(ilo: wrl(;;ug s.cenario the resultant outage protgbil
case that the URLLC transmissions overlay eMBB streams P gep

. . . . n be calculated by combining the collision probabilitglan
we consider two different approaches: conventional MMSt e outage probability for the given number of interferdra]]

receiver, and MMSE with SIC. For the latter, we assumfehis outage probability can be interpreted as a long terarerr
that the URLLC transmissions should be identified, e.g.gisin gep y P 9

: . o rate. The probability of having simultaneous transmissions
a reference signal, and decoded first, considering the low o
nerated by othey users that are randomly active is

latency requirement. Then SIC is employed, assuming tleat e

interference of URLLC transmissions over the eMBB streams v\ . -
is completely canceled out. Pe(z,y) = (x) Py(1—Pa)"", 3)



where P, is the probability of each user to transmit. In thegpower, we have thatv = N, —1 andI',, = 1. Then, the
case of Poisson arrival traffic with arrival rateas we assume outage probability of the eMBB transmissions is given by
for the URLLC userspP, =1 — e~ .

From that, we describe the outage probability for eMBB N,
and URLLC transmissio!ﬂs for the case of separate bands and p;, = ch(z, Nu)Pi(7uf, 2, Ne — 1,1/, 1), (7)
for overlaying transmissions. 2=0
A. MMSE receiver and separate bands C. MMSE with SIC receiver and overlaying transmissions

In the case that a separate band is reserved for each servicith SIC we assume that URLLC traffic has to be decoded
class, URLLC and eMBB transmissions do not interfere witfirst, due to its strict latency. Then its interference citntiion
each other, and their outage probabilities can be derivisdremoved from the receive signal. This means that only
independently. However, sporadic URLLC transmissions c&VBB actually benefits from SIC. Given that, the outage
still collide with each other within the URLLC band. WithProbability of URLLC transmissions in this case can be also
power control, all the URLLC interferers are assumed to hagpressed by (6).
the same average power at the receiver input as the desire@ssuming thate, << e., the interference from failing
URLLC source. Given that, we assign= N, —1 andl’, = 1, URLLC transmissions, which cannot be canceled by SIC, is
while w = 0 andT',, = 0 since there is no other type ofnegligible. With eMBB not suffering from URLLC interfer-
interferer in the same band. The outage probability for ti§1ce, the outage probability of the eMBB transmissions can

URLLC transmissions is then given by be calculated with (5).
N,—1 D. Achievable rate and load calculation
P = Z Pe(z, Ny = 1) Py (Yu, 2,0, 1,0), (4) Using the described outage probability for each case, we
2=0 can calculate numerically the minimum value for the SINR
where 7, is the average SNR of the URLLC users. Note) to meet a given requirement. Here, we fifidthat satisfy
that (4) is equivalent to the result obtained in [12]. Ps ., = ¢, for the URLLC cases, an#; . = ¢. for the eMBB

For eMBB, transmission streams from different users camses. For a certain ratein bps/Hz, the outage probability
mutually interfere when they are scheduled in the same tirms-expressed a®rob[log,(1 4+ ¥) < r]. From this relation
frequency resources, as in the case of multi-user MIM®@:e can obtain the maximum rate corresponding to the outage
Assuming that the eMBB users have the same power contpsbbability requirement as
configuration, which leads to the same average power at
the receiver as the desired eMBB source, we Bgt= 1. r[bps/Hz] = logy(1 + ). (8)
Assuming that all the available resources are simultarigous The achievable eMBB load, which corresponds to the max-
used by theN. active users, we have that= N. — 1. The jmum throughput with a given,, is calculated as
outage probability of eMBB without URLLC interference can
be expressed as Le[bps] = rWeNe(1 — €c). 9)

For URLLC transmission of a packet of sizB in a

Pfe = P;(3e; 0, Ne = 1,0,1), (%) bandwidthW,, and in a TTI of durationl’, the transmission
where?. is the average SNR of the eMBB users. rate is given by
B. MMSE receiver and overlaying transmissions ru[bps/Hz| = D/T/W,. (10)

When URLLC and eMBB have overlaying allocations, thguith the correspondent SINR for this rate, i — 1, we
reliability of the URLLC transmissions is not only affectectalculate numerically the maximum arrival rafe that is
by collisions with sporadic URLLC interferers, but also b)é_"owed for a given number of URLLC users meeting the

the continuous eMBB interferers. Hence, we get N. and outage probability requirement. Then, the achievable URLL
'y = Q, besided”, = 1. With that, the outage probability for |gad can be calculated as

the URLLC transmissions is calculated as R
L,[bps] = DAN,/T. (12)

Nu1 Given thate, is very low, the impact of transmission failures

Pry= Y Pe(z,Nu=1)Pr(3u,2,Ne, 1,Q). (6) i the resultant load is considered negligible.

z=0
Likewise, eMBB is also affected by the transmissions from IV. NUMERICAL ANALYSIS
the V,, URLLC users in the same band. Given that p. /p, In this section we first present the achievable rate for

as described in Section I, the average URLLC interferergrowURLLC transmissions overlaying a eMBB stream. We then
relative to the desired eMBB source is the invers@oHence, find the achievable load for both kind of services, consitgri
we setl’, = 1/Q andy = 7. = 7,2. At the same time, with NR assumptions. Finally, a comparison between the allocati
other eMBB streams present with the same average interfeapproaches is provided for different operation regimes.



We consider a bandwidtid” = 10 MHz. For separate bands,
we assumek = {0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1},
corresponding to full band for eMBB until full band for
URLLC. For overlaying transmissions, we assurfie =
{0,0.05,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1}, which cor-
responds to no eMBB until eMBB with same average receive
power as URLLC. Given the higher priority of URLLC, we do
not consider the option of eMBB with higher average receive
power than URLLC.

URLLC users transmit payloads dd = 256 bits using a
short-TTI of 0.143 ms. This may represent the case of a NR
mini-slot numerology with 4 symbols per TTI aBd kHz sub-
carrier spacing. The eMBB users transmit large volume od dat
| | | | ‘ ‘ | exploiting capacity-achieving codes. In the following exaes
5 0 5 igm N [(115] 20 25 30 we assume// = 4 and N, = 2, i.e. two eMBB streams are

simultaneously active in the same band, as in MU-MIMO.

Fig. 2. Achievable rates for URLLC overlaying one eMBB streavith Four operation modes are considered: )
different 2, consideringN,, = 50, A = 10-2, and MMSE with 2 and 4  « Separate bands and equal SNR: the average SNR is

101,

soene Interference-free
—_—= . =1

Rate [bps/Hz]

________
.......
.-
2
-

102

antennas. For the interference-free curve it is assumeidated resources. Y. = 9 = 5 for URLLC and eMBB, wherey is the
average SNR over the bandwidth. It refers to a system
A Achievable rates for URLLC in which users keep the same power spectral density

(PSD) regardless of the operational bandwidth.

For eMBB we considet. = 10~", whereas:, = 107 for , Separate bands and scaled SNR:= 7/R for URLLC
URLLC. These values are usual block error rate targets ®rth - and5, = 5/(1 — R) for eMBB, i.e. the average SNR is

initial transmission of these services, considering thiaigher increased as much as the associated bandwidth decreases.
reliability is more efficiently achieved after retransniiss[2]. It refers to a system where users maintain the same output
We consider the case of MMSE with/ = 2 and M = 4 power regardless of the operational bandwidth.

receive antennas. A URLLC load is imposed with, = 50, Overlay with SIC: overlaying transmissions considering
users and packet arrival rate= 10~2 per TTI for each user. MMSE with ideal SIC and different values 6f.

Different relative receive power of eMBB with respect to the |, Overlay without SIC: overlaying transmissions with
URLLC signals are assumed with= {1,0.5,0.1,0}. Setting MMSE receiver and different values 6F.

1= 0'is equivalent to no eMBB, i.eN. = 0. Fig. 3 and Fig. 4 show the achievable loads for eMBB and
The achievable rate for URLLC depending on the SNBR|[C in a low SNR scenarioy, = 0dB in full band) and
7Ju 1S shown in Fig. 2. The interference-free curve denotesedium SNR scenarigy = 10dB in full band), respectively.
a benchmark assuming dedicated resources for each user. ijch line delimits the maximum load that can be achieved
observed that the rate practically saturates after= 10dB  depending onR or £, while meeting the requirements given
for M =2, i.e. a higher SNR does notyield on higher URLLGyy ¢, and ¢,. The region to the left of the line represents
capacity. This is due to the eMBB interference and collisionower load combinations that can be supported. The maximum
with the imposed URLLC load. The achievable rate obviously,nnorted URLLC load is denoted y,. At 20% of L, is
increases with lower values 61, since the SINR of URLLC jngicated a low URLLC load regime, and at 80% bf, is
increases. This means that, for guaranteeing high URLlifgicated a high URLLC load regime. The maximum gain of
capacity, the power of URLLC signals should be higher thayeriaying allocation relative to using separate bandgims
the ones of eMBB in the overlaying band. It is evident thalf eMBB throughout is denoted b, ..
M = 4 allows the highest rates due to the better interferencejn, the low SNR scenario as it is shown in Fig. 3, we observe
rejection capability of the receiver. At, = 10dB andQ2 =1, that the separate bands and equal SNR operation (dashed red
it allows a rate just 3.3 times lower than the interfereneef line) shows the lowest achievable loads. For example Rith
benchmark, compared to the 10 times lower with= 2. The 5 only up tol Mbps can be reliably supported for URLLC,
higher number of receive antennas allows higher URLLC ratggg up tol1 Mbps for eMBB. This performance can happen
and gives possible room for multiple eMBB streams. when same power control settings are used for both services.
On the other hand, for separate bands and service SNR scaling
with R (solid red line), the performance is generally better. For
Now we compare the resource allocation options for multdverlay without SIC (dashed blue line), a lower achievable
plexing URLLC and eMBB traffic, considering particular NRload is experienced for both services compared to the use of
assumptions [4]. For that, we calculate the achievable loadparate bands as in the previous case. For exampléwith
for each service according to the receiver type, average, SNIB and2 Mbps URLLC load, up tol4 Mbps can be reliably
average interferer power relative to source, and alloda#ed. supported for eMBB, whild7 Mbps can be reached if traffic

B. Achievable loads



C. Comparison for different regimes
25 -

—+ = split bands, equal SNR Fig. 5 shows the gait¥, . of overlaying relative to separate
Gy =% @=10 f:i?!ﬁ:f?"ﬂfﬁ?éi':ﬁisf?r{ bands allocation in terms of eMBB throughput, for low and
B — high URLLC load regimes. Two packet sizeB, = 256 bits
and D = 1600bits, are assumed for URLLC. Besides, we
also assume two values for the outage probability targeted f
URLLC. ¢, = 1072 refers to a system in which a higher
reliability can be achieved after a retransmission, apd=
10~ refers to a system where the reliability target should be
achieved with a single shot transmission. The absoluteegalu
of the maximum supported URLLC loak, for each case are
shown on the top of the plots.
L, N\ In many cases marked with "x”, we note that no URLLC
0 = ' . i ¥ \ load can be supported. This is observed in most cases for
i ! URZLLC load [Mips] ‘oL > M = 2 in low SNR scenarios, independent of the allocation
scheme. As can be seen in Fig. 5a and Fig. 5c, for small
Fig. 3. Achievable loads for URLLC and eMBB considering eiiint receive Packet size there is a significant gain of overlaying at high
strategies and low average SNR = 0dB. W = 10 MHz, D = 256 bits, SNR, specially for 4 receive antennas and high URLLC load
Nu =50, Ne =2 and M = 4. regime (up to+260%). In case of large packets as shown in
Fig. 5b and Fig. 5d, overlaying allocation may lead to losses
while minor gains appears only in case bf = 4 antennas

10 |

eMBB load [Mbps]
/

70 1

=0 ST 2=10 [ Spiit bands, equal SNR andN. = 1 eMBB stream, at high SNR. For stricter reliability
, 4 =&= split bands, scaled SNR -5 . . .
o0 I —v— overlay with ideal SIC such asl0—?, the gain of overlaying is reduced, and losses get

== overlay without SIC

more evident with the 600 bits packets.
50 F
V. DISCUSSION

40 .
In many cases the allocation of separate bands for each

service class shows to be more efficient, specially when SIC

is not employed. In practice, it implies that the bandwidth

needs to be reconfigured for all grant-free users whenever
the target supported load changes. This results in addltion
control signaling overhead. To avoid this issue, for instaim

a scenario where the URLLC load varies very often, it would

0 ) > 5 " s 6 1 7 be recommended to proactively allocate a larger share of the

URLLC load [Mbps| bandwidth for URLLC to cope with the load variation, to the
detriment of the eMBB capacity.

Fig. _4. Achie_vable loads for URLLC and eMBB considering eliffint For scenarios with low average SNR, e.g. macro deploy-

receive strategies and moderate average SiR= 10dB. W = 10 MHz, ; | P ]

D — 256 bits, Ny, — 50, No = 2 and M — 4. ments, the gains of overlaying transmission using SIC are
insignificant compared to operating with a simple MMSE
receiver. Besides, even when SIC is available, the crossing

is conveyed in separate bands. While for overlay with Si@gions indicate that it is beneficial to switch between satea

(solid blue line), there is an advantage of overlaying wherands and overlaying mode depending on the load aimed for

the URLLC load is lower thar2.4 Mbps, due to the reduced each service. On the other hand, in a dense deployment with

interference in this condition. Anyway, it can be noted thanedium/high SNR, the application of a more complex receiver
overlaying is generally not a good option in low SNR casesvith SIC is more relevant, given the higher achievable loads

For the medium SNR scenario in Fig. 4, there is a clear It is important to note also that, for a network with users tha
advantage of overlaying when MMSE with SIC is usechave multiple traffic types, as for eMBB and URLLC services,

Without noise limiting and canceled URLLC interferenceg thit is beneficial to use different transmission parameters fo

antenna combining can strength the eMBB signal boosting @&ach kind of service. This means, for example, that one user

throughput. However, without SIC the achievable load fahboshould be configured with a power control setting for eMBB
services is higher if separate bands are allocated. Thisilaveand another for URLLC.

that the mutual interference between the traffic penalizesThe proposed approach presented in this paper can be

the performance of each other. Given that the URLLC ratdso relevant for feasibility analysis and decision makifgr

saturates, the result for a high SNR scenario is omitted, heezample, by assigning costs to each traffic, one can find the
though the same observations as for medium SNR are validptimal load balance policy that results in the highest profi

30 F

eMBB load [Mbps]

20

10 -

20% of Ly,
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L, [Mbps)] : 0 0.461  0.653 4.376  6.461  6.674 4.376  6.461  6.674

0.66 0 6.189  8.691 0 6.189  8.691

= = . 20% of L,
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M=2N,=1 M=4,N,=1 M=4,N,=2 M=2N,=1 M=4,N,=1 M=4,N,=2
(@) D = 256 bits, €, = 1073, T = 0.143 ms. (b) D = 1600 bits, €, = 1073, T = 0.143 ms.
L [Mbps 0 0 0.053 0.707 1.789 1.9 0.707 1.789 1.9 0 0 1.174 2.167 0 1.174 2.167
S 2 L
—
X
o 1
H F
20 -—
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1 1
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SNR [dB] SNR [dB] SNR [dB] SNR [dB] SNR [dB] SNR [dB]
M=2N,=1 M=4N,=1 M=4,N,=2 M=2N,=1 M=4,N,=1 M=4,N,=2

(c) D = 256 bits, e, = 1075, T = 0.250 ms.

(d) D = 1600 bits, €, = 10~%, T = 0.250 ms.

Fig. 5. Gain of overlaying relative to separate bands afionain terms of eMBB throughput for different settings.

and select the corresponding bandwidth shares or the power
control settings for that.

VI. CONCLUSION [3]

In this work we studied how to efficiently multiplex grant-
free URLLC and eMBB services in the uplink. Two possi-
ble options of multiplexing are considered, namely, separa
bands and overlaying transmissions. We describe the outaﬁé
probability for each service and for each multiplexing opti (5]
considering MMSE receiver and MMSE with SIC. With this
approach we can compare the achievable load that can &
supported for each traffic. The resource allocation comside[7
different shares of the bandwidth for each traffic in semarat
bands, or different relative receive power when the trans-
missions are overlaying. Numerical analyses consideriRg Nig
assumptions are carried out. The results show that ovagayi
provides better performance generally using MMSE with SIC
either in high SNR or for low URLLC loads. Separate bandsg;
for each service class is better when a SIC processing is
not employed, the URLLC packet size is large and highﬁro]
reliability levels are required for URLLC. Future work sidu
consider traffic bursts and the effect of power limitatiom fo
overlaying transmissions. (11]
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