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Abstract—We present a novel low complexity scheme for
cache aided communication, where a multi-antenna base station
serves multiple single-antenna mobiles. The scheme is based on
transmission of coded messages to disjoint groups of users simul-
taneously. Compared to the state-of-the-art, the proposed scheme
significantly reduces the transmission and decoding complexity.
Furthermore, it substantially relaxes the subpacketization level,
and involves a transmission of much smaller number of packets in
each time block. The proposed scheme achieves the same degrees
of freedom (DoF) as the best known scheme, but, it suffers from a
performance degradation of about 1.5dB due to a loss of diversity.
Nevertheless, the loss is acceptable as the reduction in complexity
allows a practical implementation of this scheme even for a large
number of users.

Index Terms—cache-aided communication, MISO, subpacke-
tization level, complexity

I. INTRODUCTION

In spite of recent improvements in wireless communication
technologies and data delivery networks, the rates supported
by these networks are not likely to keep up with the over-
whelming growth in demand caused by the popularity of large
data and high speed applications. A unique characteristic of
these applications is their variation over time, which results in
a heavy network traffic in peak-hours, compared to the average
network traffic. Cache aided communication is a strategy that
allows us to benefit from off-peak hours, and shift a part
of the traffic from high traffic time to lower traffic time of
the network. The gain of traditional caching is limited to the
fraction of the database stored at each individual user, which
is typically negligible in practice. Recent caching techniques
introduced in [1] allow for two separate gains: (1) a local gain
due to the fraction of the desired data of each user which is
cached by that user and does not need to be retransmitted,
and (2) a global gain due to the interference cancellation and
broadcasting opportunity provides by caching the desired data
of one user by other users. While the local gain is still small
due to the orders of magnitude difference between the size of
users’ cache and the size of the data set, the global gain scales
with the aggregate size of the cache distributed among all the
users in the network, and can be substantial due to the growth
and popularity of cache enabled communication devices.

The so called coded caching or cache-aided communication
consists of placement phase and delivery phase. [1]. During the
placement phase, prior to knowing the users’ requests, we can
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pre-fetch and store at each users’ memory some packets from
the files in the database. Once the requests are revealed, the
server generates a set of coded messages and transmits them to
all the receivers during the delivery phase. All users should be
able to decode their desired file from the received signal and
their cache content. The key feature of coded caching is the
fact that caching a packet at one user provides an opportunity
for multicasting combined packets, even if it is only requested
by another user. This leads to an achievable degrees of freedom
(DoF), proportional to the number of cached copies of each
piece of data among all the users’ cache.

In a network where the transmitter is equipped by L transmit
antennas, it can simultaneously serve a number of users,
and L degrees of freedom can be achieved. Interestingly, the
spatial diversity gain and caching gains can be simultaneously
achieved. More precisely, it is shown by Shariatpanahi et al.
that L + M degrees of freedom can be achieved, where M
is the aggregate cache size normalized by the size of the data
set, i.e., we can distributedly store M complete copies of the
database across the users [2].

A practical concern in adoption of cache aided communica-
tion for practical systems is the subpacketization level, which
refers to the number of segments each file has to be divided to
in order to implement the solution. A large subpacketization
level leads to a complex and computationally heavy scheme,
where huge number of short length file segments need to be
individually encoded at the transmitter and decoded at the
users. The state-of-the-art strategy for cache-aided commu-
nication in MISO networks required dividing each file into
(]Ié) (Uz]t[fl) =0 (UM+L—1) file segments, where U is
the number of users in the network [2]. This is a practically
infeasible number, specially since cache aided communication
is attractive mostly for networks with large number of users.
Recently, we proposed a scheme with subpacketization level
of (1[{[) based on uncoded transmission [3], and achieves the
same DoF as [2]. However, due to transmission of uncoded
packets, the scheme of [3] requires a power that is M + 1
times higher than that of [2].

The problem of subpacketization in cache-aided commu-
nication is widely studied for the single antenna setting.
In particular, the problem is formulated as an optimization
problem in [4], [5]. The trade-off between subpacketization
and achievable rate is reported in [6]. Moreover, for specific
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range of parameters, combinatorial solutions are proposed
[7], [8]. However, in the MISO setting, the exponent of
subpacketization order not only increases by the cache size,
but also by the number of antennas. In a seminal work [9],
Lampiris and Elia proposed a placement and delivery scheme
based on grouping and cache replication ideas. The scheme
of [9] treats the network as if there are only U/L effective
users, yet achieves the the optimum DoF of M + L. In this
scheme it is required that the number of copies of the database
distributedly cached across the users is divisible by the number
of antennas, i.e., L|M. In practice, M is typically small, and
hence such a constraint is not feasible. A failure in satisfaction
of this requirement may lead to a multiplicative gap (of at most
2) in the achievable DoF compared to the optimal DoF.

Motivated by practically relevant parameters, in this work
we focus on a specific range of system parameters where
M + L is divisible by M + 1. We present a cache aided
communication scheme which is much simpler than that of
[2], yet achieves the same number of degrees of freedom.
Our proposed scheme requires a subpacketization level of
only (][V]I) =0 (UM )) which is significantly smaller than
O (UMTL=1)) required by the scheme if [2]. Moreover, unlike
the scheme of [2] in which users are simultaneously decoding
multiple messages in a multiple access channel (MAC), in
the proposed scheme each user receives and decode only one
message at each transmission block. While the scheme is only
presented for heterogeneous network where users experience
fading channels with identical statistics, it can be extended
to arbitrary network topologies. It is worth mentioning that a
scheme with similar DoF and single message decoder at users
is proposed in [10]. However, the subpacketization concern
remain unsolved in that work.

The rest of this paper is organized as follows: the system
model is introduced in Section II, our proposed scheme is
presented in Section III, followed by a brief review of the
scheme of [2] in Section IV. Then we analyze the two schemes
and compare their performances in Section V. Finally, we
conclude the paper in Section VI.

Notation. Throughout this paper we denote the set
{1,2,...,U} by [U] for an integer U. For two integers n
and k we have (}) = k,(+lk), We use bold letters (e.g. h)
to denote vectors. The average is denoted by E[], and all the
logarithms are in base 2.

II. SYSTEM MODEL

We consider a network with U users each with one receive
antenna, and a single base-station (BS) which is equipped
wit L transmit antennas. We focus on a wideband communi-
cation scenario, in which the bandwidth, B, is divided into
K frequency bins (e.g., OFDM), and each bin k € [K]
carries one modulated symbol at a time without inter symbol
interference. The received sample after matched filtering for
the k-th frequency bin at User u is given by

Yreu(t) =y oxi (t) + 21,0 (t), (D

where xj(t) € CE*! is the transmit vector at time slot ¢,
Zku ~ CN (07 %) is the additive white Gaussian noise sample
at User u in the frequency bin k, and hy, € CY*L ig the
channel vector from the BS to User u in the frequency bin k.
We assume the BS has a total power constraint of P. We also
assume the BS has perfect channel state information. Each
link between two antennas experiences fading. Moreover, we
consider a homogeneous system, in which all users experience
a fading channel, where the channel statistics of all users are
identical. More precisely, we assume hy, ,, ~ CA(0,1).

The BS has a dictionary of N files, namely
{Wh,Wa,...,Wn}, each of size F bits. Each user is
interested in one of the files, chosen uniformly at random. In
a cache aided communication system, each user u € [U] is
equipped with a memory Z,, that can store up to MNF/U
bits. That is, M copies of the entire dictionary of the files
can be distributedly stored across the users. Cache placement,
the process of filling the storage of the users with partial
information from the dictionary, takes place before the users’
demands are revealed. Later, each user u requests one file
W, from the dictionary, and the BS starts serving the users
during the delivery phase. At the end of the delivery phase
each user u should be able to decode W, from Z, and the
signal received from the BS.

III. THE PROPOSED SCHEME
Let us define « %i{“ . Throughout this paper we
assume that « is an integer. The main idea is to transmit «
coded messages simultaneously at any given time, where each
message serves a group of M + 1 users. This approach gives a
significant reduction in complexity compared to the state-of-
the-art approach, which requires simultaneous transmission of
much more messages at any given time. In the following we
give a detailed description of the scheme. A short comparison
to the state-of-the-art-scheme is given in the following section.

The placement strategy of this section is similar to that of
[1]. To this end, we first split each file into (](é[) segments,

and label them with subsets of [U] of size M. That is,
Wi={Wis:SCU]IS| =M}, iec[N] @)

The cache of user u € [U] will be filled by all file segments
whose label contain w. More precisely,

Z, ={W;s:ueS,iec[N]}. 3)
This implies
U—-1\ F
Zu—N< >U—NMF/U, “)
M =1/ ()

which shows the cache size constraint is satisfied.

Given the fact that we serve « groups, each of size M + 1,
at any given time, we need a total of 7 = [1 (MUH)] =
[4F (3/1)] time blocks to complete serving all users.
Consider all subsets 7 C [U] of size M + 1. In each
time block m we serve a of such subsets of users, say

Ti[m], Ta[m], ..., Ta[m], such that
Tilm] N T;[m] = @, 1<i<j<am=1,....,T. (5
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The set of users to be served at time block m is given by
Ulm] = Uj_, Ti[m], and since subsets 7;[m]|’s are pairwise
disjoint, we have [U[m]| = a(M + 1) = M + L, i.e, a total
of a(M +1) = M + L users will be served in each time slot.
To this end, we first generate a coded message Wy for each
subset of users:

Wr = @ W, T\ {u}- (6)
u€T

Then, this coded message will be modulated to a codeword
W7 of length 7K. We further split this codeword into
K chunks, each of length 7, and send each chunk in one
frequency bin. Let us denote the chunk of W corresponding
to the frequency bin k by Wy, 7. The transmit signal for time
block m will be then formed by beamforming of Wy, 7 for
all the active subsets 7 in time block m. The appropriate
beamforming will guarantee that the signal corresponding to
a coded message W is zero-forced at all the users except
those in 7. More precisely, we have

« P o
Xk[m] = Z \/ Ehtu[m]\ﬂ[m]wk,ﬂhn]v (7
i=1

where Xy [m] € CEX™ is given by

Xi[m] = [xk((m —1)7 +1) xp(m7)]  (8)

and denotes the sequence of transmit signals xy(¢)’s which are
sent during the m-th time block at frequency bin k. Note that
ht 4 € CE*1 is a unit length beamforming vector which is
orthogonal to the channel vectors of all users in A in frequency
bin k. That is,

hy, hj 4 =0, Vu e Ak € [K] ©
[y all = 1.
Note that [U[m] \ Ti[m]| = (o = 1)(M +1) = £=5(M +

1) = L — 1, and hence there is unique direction for the vector
hﬁ[m] \T:[m]"

Note that the optimal performance would require optimiza-
tion of the power allocated to each frequency bin of each
user, subject to the BS average power constraint. However, we
assume the power is equally allocated between the frequency
bins and the data streams.

The received vector at user u € 7;[m| C U[m] is given by

yk.,u[m] = hk,uXk[m] + zk,u[m]

P 1
= \/ Ehk-,uhk,l/{[m]\ﬂ[m]wﬂ[m] +Zk,u[m]7 (10)

where the second equality is due to the fact that hy, is
orthogonal to all htu[m]\ﬂ[m] for all j # . Note that
Yiulm] € CH*7 and z,,[m] € C*7 denote the vectors of
received signal and the additive Gaussian noise during time
block m, respectively.

Upon receiving yg[m] for all k& € [K], user u has to
decode the coded message Wr; [, = @vemm] Wa, Tiim]\{v}-
Note that for every v # u we have u € T;[m] \ {v}, and
hence a copy of Wy, 7:m)\{v} is stored in the cache of user

CEREY

Fig. 1. A homogeneous MISO cache-aided communication system with U =
8 users and L = 3 transmit antennas. The normalized aggregate cache size
is M = 8, so each user can store M /U = 1/8 of each file.

u. Therefore, it can remove all the interfering segments and
retrieve its desired file segment Wy, 7 )\ {u} -

It is worth noting that since 7;[m] and 7T;[m] are disjoint,
each user decodes at most one message per time block.
Moreover, following the transmission scheme explained above
for all time blocks m € [T, each user u will retrieve all its
file segments W, s which are not cached in its memory, i.e.,
u ¢ S. Concatenating these segments with those in the cache,
user u will be able to decode its desired file. The overall delay
of service for all users in 7" time blocks, each of duration 7
will be T'T. We evaluate this delay in Section V and compare
it against that of the state-of-the-art scheme in the literature.

The following example demonstrates the delivery scheme
explained in this section.

Example 1. Consider the wireless network depicted in Fig. 1,
in which U = 8 users are served by a base station which
is equipped with L = 3 antennas. Each user has a memory
in which it can cache M/U = 1/8 of each file. Note that
we have o = LEM — 4 — 9 which is an integer. In the

M+ 2
placement phase we divide each file W; into ([}) = 8 equal
size segments, and label them as Wi (11, Wy 1oy, ..., W (g).

Then user v € {1,...,8} will cache all the file segments
whose includes u, that is, C,, = {Wj g,y i =1,...,N}.
Without loss of generality, let us assume User u requests
file W, i.e., d, = u for u = 1,...,8. In the delivery phase,
we need to serve a (M(il) = (3) = 28 groups (pairs) of users.
In each time block we can serve av = 2 groups, and hence we
need 28/2 = 14 blocks to complete the communication. To

this end, we choose

,Tl(l) = {152} 7-2(1) = {3a4}
7—1(2):{153} 75(2):{576}
Ti(3) ={1,4} T2(3) ={7,8}
T1(4) ={1,5} T2(4) = {2,3}
Ti(5) = {1,6} T2(5) = {4,5}
7-1(6) = {157} 7-2(6) = {6a8}
Ti(7) = {1,8} T2(7) = {3,5}
T1(8) = {2,4} T2(8) = {5,7}
T1(9) = {2,5} 72(9) = {6, 7}
T1(10) = {2,6} T2(10) = {4,8}
Ti(11) ={2,7} T2(11) = {3,8}
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7-1(12) = {278}
7—1(13) = {376} 75(13) = {4v7}
7—1(14) = {3’ 7} 7—2(14) = {57 8}'

Consider a block, say m = 3, during which Users in U/(3) =
T1(3) U T2(3) = {1,4,7,8} will be served. The base station
first computes

7-2(12) = {47 6}

Wii.4y
Wiz.8)

= Wi 4y © Wy 3
= Wy sy © Ws q73,

and encodes them to W{1,4} and W{%S}’ respectively. Each
codeword will be divided into K sub-codewords, e.g.,

[Wl,{l,él} WQ,{IA} WK.,{IA}} .

Then we send a linear combination of the associated sub-
codewords over each frequency band. The transmit signal in
frequency bin £ in time block m = 3 is given by

Wiy =

| P — _
Xi[3] = 9 (hk{{zg}wk,{l,@ + hkl-,{1,4}Wk7{7,8}> :

Then the received signal at user 4 will be

P - -
Yeal3]=1/ 3 <hk,4ht{778}wk,{174} +hk,4ht{1,4}wk,{7,s}>
+ Zk,4[3}

P -
Y Ehk,4ht{7,8}wk>{l74} +214[3)-

Collecting {yr4[3]}/_;, user 4 will decode Wyiap =
Wi {4y © Wy 1)- Then it can subtract W ¢4y using its cache
content, and obtain Wy (7). All other segments Wy ¢, can
be decoded when {4,v} is an active group for transmis-
sion. Finally user 4 can decode Wy from delivered segments
{W4 v} }vza and the segment Wy ¢4y which is cached in its
memory. All other users will be served in a similar manner. ¢

We present a larger example in the Appendix to further
describe the scheme.

(1)

IV. THE SCK SCHEME

This section is dedicated to reviewing the communication
scheme proposed by Shariatpanahi, Caire, and Khalaj in [2],
which we refer to as the SCK scheme. The labeling and
placement phase of the SCK schemes is identical to those
explained above. After the placement phase is completed, the
users reveal their requests. As before, and without loss of
generality, we assume User u requests file W,,, i.e., d, = u,
for w € [U]. Before the delivery phase gets started, the
file segments in the cache of the users are further split into
(U_L]L/[l_ 1) subsegments of equal size. The new subsegments
will be labeled according to the revealed requests. Consider a
file segment W,, s which is cached by all users v with v € S,
and requested by user u (since d,, = u). Each subsegment of
this file segment will be labeled by a subset A C [U]\ (SU{u})
of size |A| = L — 1. More precisely, we have

Was = {Ws : AC U\ (SU{u}),|A| =L -1}, (12)

for every u, S satisfying u ¢ S. Recall that the size each file
segment is F'/ ( [) and hence, the size of each file subsegment
s F/(5) (7).

In the dehvery phase, similar to our proposed scheme, the
SCK scheme serves a total of M + L users in each time block.
However the delivery phase here will be completed in 75K =
(s Y L) blocks, each associated with one subset Q C [U] of
|Q| = M + L. Indeed, Q identifies the set of users to be served
in the corresponding time block.

During a time block Q one coded file subsegment will be
sent for every subset V of Q with [V| = M +1. More precisely,
we define

we =@Pway

W\ {u}? =M+ 1.
uey

V<oV 13)

Similar to Section III, a coded subsegments Wv will be
encoded by a channel code to a codeword Wv of length
K 75K, and then the codeword will be divided into K chunks
Wﬁv for k € [K], each of length 75K to be modulated and

sent in frequency bin k. The transmission block in time block
Q and frequency bin k£ will be then formed as

Z M+L hk Q\VWk Ve (14)
V:VCQ (M+1)
[V|=M+1

Let us focus on user u € Q and analyze its received signal
during time block Q. We have

yk,u[Q] - hk uXk[Q} + z u[Q]

Z (1\/[+L) hé Q\VWk v+ 254 [9)

V:vyCQo M+1
[V|=M+1

(@)
= Z ALy D, b, Q\VWkV + 2k, [Q]-
Viuey (M+1)
41
[V|=M+1
(15)
Note that (a) follows the fact that if ' does not include u,
then u € @\ V, and hence (9) implies that huhé\v =0.
Upon receiving {y..[Q]}5_,, user u decodes all coded
subsegments intended for user u in block Q, that is,

(W :uevcol.

Once a coded subsegments Wv is obtained by user wu, it
can retrieve WUQ]\)(\‘EE}{“}) by subtracting all interfering sub-
segments from its cache. This leads to a set of decoded

subsegments given by

U U {Wug 1\/\\){v}

ClU] vCco
|Q| M+L |V|=M+1

-U U

(16)

uGV}

{ uS - U {Wu,S}:

SCU] AC[U] SCU]
[S|=M |Q|=L-1 |S|=M
ug¢gS AN(SU{u})=o ugS

which together with {W,, s : v € 8} C Z,, can fully recover
W.., which is the desired file of user u.
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V. PERFORMANCE COMPARISON

In this section we analyze the performance of the two
schemes presented in Sections III and IV, and compare them.
The main factors of interest in our comparison are the overall
delay of delivery, the complexity, and the subpacketization
level, which is the number of pieces each file need to be
divided into. The comparison is also summarized in Table I
below.

A. The Subpacketization Level

Recall that in the scheme proposed in this paper, each file is
split into (1\[2) segments. The delivery phase is solely based on
combining packets of size F/ (Alf[), encoding them using error
correction codes, and modulating and sending them from the
BS. In the SCK scheme, even though each file is only divided
into ( ]\U/I) segments in the placement phase, further splitting is
required for the delivery phase. More precisely, each segment
will be split into (Uz]\ff 1) subsegments. Therefore, the overall
subpacketization level is (1) (Y, "), which is substantially
larger than that of the scheme proposed in this paper.

On the other hand, the numbeé of codewords broadcasted
lgy Uthe; (g\);ifzosed scheme is (,, f 1), while this number is

aan) Car +1) for the proposed scheme.

B. The Overall Delay

In the scheme proposed in this paper, in order for user
u to be able to decode Wr; [m]> the rate of information sent
through the channel should not exceed the rate supported by
that channel. More precisely, we need

K
1 F B P N 2
70 <D log <1 to5 ‘hkauhu[m]\mm],k‘ ) :

M k=1
(17)
2
Let us define ng .y m = ’hkﬂ‘hé_u[m]\ﬂ[m]‘ . Due to the

Gaussian distribution of hy,,, and the unit norm of h;-, for
all 7’s, the random variables 7y ., ,’s admit an expoﬁential
distribution with a mean of 1, for every frequency band
k € [K], every user u € [U], and every time block m € [T].
We also define

P
R = BE |1 1+ —2%um |- 18
|:Og2< +aB77k’ ’ >:| ( )
Then, as K grows, we have
K
B P
—E 1 14+ —M%um R. 19
Kk10g2<+o‘3nk”)_> (1%

Therefore, the decodability constraint in (17) reduces to

F

(20)

1 : : _ Miy1( U
The number’ of time blocks is T' = 7=+ (MJr1

the overall delay will be

). Therefore,

7M+1(MI£A)E,U_ME (21)
S M+L () R M+LR

D=Tt

Now, let us consider the SCK scheme. It is evident that
the received signal in (15) models a multiple access channel
(MACQC), in which user u should decode a total of (M tVL[_l)
messages simultaneously (including all WVQ’S for which V C
Q satisfies w € V and |V| = M + 1). It is easy to verify
that the number of messages user u should decode in a time
block is (M%%~"). The total signal power received at user u

M
in frequency bin k is

P n 2
M+Ly e Z ‘hk,uhk,g\v’
(M+1) ViueVCo
[V|=M+1

(M“rLfl)P 1

M

= — Nkeu,Q

T NP I
V=M1

P 1
= T MIL—IN Mku,Q
ak (Mt\ﬁ 1> V:MEZVQQ '
[V|=M+1

2
where i 4.0V = ‘hk,uhf{,g\v‘ admits an exponential dis-
tribution with parameter 1. Therefore, the rate of each coded
message intended for u is upper bounded by the maximum
symmetric decodable rate of the user, that is,

1 F
T () (T2
K ZV:uEVCQ Nk, Q
1 B P =y
< e —log [ 1+ — =
(i 2k B\ e e
1
- (M+L71) R (22)
M
where
P 1
R = BE |log [ 1+ — ——— Mhe,u,Q
aB (Aft\ﬁ 1) V:u;QQ '
V=M1
(23)

This implies that the length of each time block should be at
least

(") F

IR

7_SCK >

'We assume T is an integer for the sake of comparison simplicity.
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Fig. 2. Comparison of the (average) total delivery time for the proposed
scheme vs. that of the SCK scheme [2].

U

Recall that there is a total of ( ML

minimum delay is given by

) time blocks, the overall

DSCK _ SCK,_SCK _ ( U > (Mtv? 1) F
M+ 1) [ B

U-M F
M+ L RSK 24
Comparing (24) and (21), it is clear that both schemes achieve
the same number of degrees of freedom. Nevertheless, due to
the spatial diversity of the multiple access channel, the user
rate achieved by the SCK scheme (i.e., R°“K) is higher than
that or ours.

Note that there are two levels of averaging to obtain the
ergodic capacity, one is averaging over the achievable rates
of different frequency bands, and the other is due to the
randomness of n which is an exponential random variable. In
the evaluation of the rate of the proposed scheme in (18), both
expectations are taken outside of the logarithm. However, due
to the multiple access effect, the rate of the SCK scheme in
(23), we first take (empirical) average with respect to 7 inside
the logarithm, and then averaging over k is taken outside. Due
to the concavity of the log(-) function, the latter is always
greater than the the former. When the number of messages in
the MAC, i.e. (M+L_1), is large, we have

M
P |lhx? M0
R = BE log [ 1+ — 2% Z LT
M+L—-1 B
ab ( M ) ViuevCQ (el
[V|=M+1

P b
— BE |1 14+ ——— 25
[og< T B 1L (25)
In an (hypothetical) extreme scenario that both averages are
taken inside the logarithm, the achievable rate will be

R® = Blog (1 + gEkm [nk,u]> = Blog (1 + g)

which is the capacity of a Gaussian channel. We have R <
RSK < RS, A theoretical analysis for the gap between R and
RC is fairly standard, and skipped for the sake of brevity. Our
numerical results in Fig. 2 shows that the SCK scheme offers
a maximum of 1.5dB improvement compared to the proposed
scheme. We leave more precise gap analysis between R and
RSCK for the extended version of this work.

the SCK scheme [2]| the proposed scheme
Number of Time Slots| ( ML_',_ ) ﬁl’i ( Mlj_ D)
Subpacketization (gj) (Uzlfff 1) (fé)
Duration of Delivery % % %ﬁ_]‘g %
Diversity Gain ~ 1.5dB 0dB
Decoding MAC decoding | Single message decoding
Parameters all L, M M + 1 divides M + L
TABLE I

A GENERAL COMPARISON BETWEEN THE SCK SCHEME AND THE ONE
PROPOSED IN THIS WORK.

Example 2. Recall the network of Example 1, with U = 8§,
M = 1, and L = 3. The subpacketization levels of the
proposed scheme and the SCK scheme for this network are 8
and 120, respectively. Moreover, the course of communication
is divided into only 14 blocks for the proposed scheme, while
70 blocks are needed for the SCK scheme; this yields to shorter
codewords and larger overhead, which reduce the effective
communication rate. Finally, in SCK scheme each user has
to decode 3 received message over a MAC simultaneously in
each active block, while only one message will be decoded
at a time by the proposed scheme. Even though this leads
to a diversity gain for the SCK scheme, it requires a more
sophisticated decoding algorithm. o

VI. CONCLUSION

We studied the subpacketization problem for a cache-aided
MISO communication system. For a system with parameters
satisfying ]‘Aﬁi € N, we proposed a scheme that achieves the
optimum DoF, while its subpacketization level is identical to
that of the single antenna case. The proposed scheme also
offers a low-complexity decoding, since each user has to

decode at most one message per transmission block.
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