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Improved Spectral Efficiency through Multi-User
MIMO across Small Cells

Danny Finn, Hamed Ahmadi, Andrea F. Cattoni, and Luiz A. DaSilva

Abstract—Current and future mobile network access technolo-
gies increasingly rely on multi-antenna transmission techniques
and on cell miniaturisation to achieve orders-of-magnitude gains
in capacity. In this work, we propose and evaluate the idea
of Multi-User MIMO-based cell reassignments. Dense small
cell deployments make it possible to pair User Equipments
(UEs) which were originally assigned to different cells, enabling
Multi-User MIMO (MU-MIMO) and resulting in performance
improvements to both UEs. We discuss how such pairings can be
accomplished and assess the potential gains in spectral efficiency
and MU-MIMO usage that result. These are assessed through
both discussion of performance bounds and detailed system-level
simulation in a realistic outdoor small cell scenario.

I. INTRODUCTION AND RELATED WORK

Small cell technology represents the fastest growing tier in
cellular infrastructure. Small cells are characterised by dense
deployments, few User Equipments (UEs) per cell and high
data-rates.

By enabling the spatial-domain multiplexing of multiple
data streams, multi-antenna transmission techniques have also
been experiencing mass adoption in standards which seek
to satisfy data-hungry applications. One such multi-antenna
transmission technique is Multi-User MIMO (MU-MIMO), in
which multiple transmit antennas at the evolved Node Base
station (eNB) are used to simultaneously serve multiple UEs
within a single time-frequency resource; this is achieved by
transmitting to each UE on a different spatial layer. Essentially
this consists of applying precoding weights to direct orthogonal
beams at each served UE in such a way that the interference
between co-scheduled UEs is minimised. MU-MIMO provides
large spatial multiplexing gains without requiring additional
antennas on the UE and overcomes rank deficiency problems
which often limit single point-to-point spatial multiplexing.
However, MU-MIMO is only effective if a suitable set of UEs
can be found for which the mutual interference between co-
scheduled UEs, based on their respective channel realisations,
is not excessive.

In the literature the combination of MU-MIMO and small
cell technology is not often investigated. This is because it is
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Fig. 1: MU-MIMO-based reassignment example. UE colours indicate the
Small Cell eNB to which each UE is initially attached. Consider that UEs 1
and 2 cannot be simultaneously served by MU-MIMO as the best beams to
suit their channels would experience too much cross (/multi-user) interference,
and likewise for UEs 3 and 4. By reassigning UE 2 from eNB 1 to eNB 2
we open up opportunities to either simultaneously serve UE 2 with UE 3,
or UE 4. Then, if the spectral efficiency increase from enabling MU-MIMO
outweighs the loss in SINR resulting from the reassignment, the reassignment
is performed.

more difficult to consistently find good MU-MIMO groupings
when there are few UEs in the cell; hence, MU-MIMO is
mainly limited to cases where the number of UEs is high,
i.e. macrocell scenarios. Two works which do investigate
MU-MIMO usage in small cell environments are [1] and [2].
In these it is found that the gains of MU-MIMO are severely
limited when there are few UEs in each small cell and that
as the small cell deployment density increases MU-MIMO
performance is limited even further. However, as we will show,
if good MU-MIMOs pairings can be found when the number
of UEs served by each small cell is low, then the full benefits
of MU-MIMO can still be obtained. For this we propose a
new network reconfiguration/coordinated multi-cell approach,
MU-MIMO Across Small Cells.

In this work, we focus on small cell scenarios in which
the number of UEs in each cell is low, meaning that the
likelihood of finding UEs in the same cell with minimal mutual
interference for MU-MIMO is also low. At the same time,
however, small cell scenarios often exhibit strong Line-of-
Sight (LoS) components, leading to high channel correlations
causing rank deficiencies and limiting single link transmis-
sions to a single layer. These make MU-MIMO an attractive
option and are the scenarios which we consider in this work.
Further, due to the dense deployment of these networks, UEs
often have sufficiently high Signal to Interference and Noise
Ratios (SINRs) in neighbouring cells to support MU-MIMO
operation. For this reason, we propose the reassignment of
UEs to neighbouring cells in order to create pairings where
they were previously unavailable and obtain the benefits of
MU-MIMO across multiple small cells. Figure 1 shows an
example network in which an MU-MIMO-based small cell
reassignment occurs.

To the best of our knowledge, our work is the first to
investigate actively reassigning UEs from one cell to a neigh-
bouring cell in order to increase capacity through enabling
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the use of MU-MIMO, extending our previous work in [3].
In [3] we also explained the key differences between our
proposed scheme and similar concepts such as coordinated
scheduling/beamforming, Dynamic Point Selection (DPS) and
joint transmission Coordinated Multi-Point (CoMP).

In this work we extend [3] in a number of ways. Firstly,
we provide additional detail on the reassignment mechanism
and factor in cases of conflicting reassignments. Secondly,
we present upper and lower bounds on the reassigned UE
spectral efficiency gains resulting from a reassignment (Sec.
III). Thirdly, we significantly improve the comprehensiveness
of our reassignment mechanism simulations for detailed sce-
narios (Sec. V). Fourthly, we consider the performance of
our proposed reassignment mechanism in an outdoor picocell
setting (Sec. IV). Fifthly, as enabled by the increased detail
of the simulations, we assess the extent of MU-MIMO usage
increase that actually occurs as a result of the observed
reassignments (Sec. V).

II. SYSTEM MODEL

We consider a downlink network scenario containing NUE

UEs, each with Nr receive antennas, and NeNB eNBs, each
with Nt transmit antennas. The eNBs constitute a heteroge-
neous mix of tri-sector macrocell eNBs and open subscriber
group small cell eNBs, all of which operate within the same
frequency band. Our UEs of interest are those served by the
small cell eNBs and as such the macrocell eNBs are simply
modelled as sources of inter-cell interference.

We assume coordinated control among sets of small cells. As
such, a centralised coordinator, to which occasional feedback
is supplied, is responsible for initiating reassignments.

Within this network, where possible, small cell eNBs serve
UEs using MU-MIMO transmissions. Subbands in which
MU-MIMO cannot be used fall back to Single-User MIMO
beamforming on a single spatial stream (which we will refer
to as SU-MIMO) instead.

In a downlink scenario where an eNB transmits to nMU

UEs using MU-MIMO the capacity of the channel scales
with min(Nt,

∑nMU

k=1 Nr). There are, however, some additional
losses in the SINR, firstly, due to the splitting of the transmit
power across the co-scheduled UEs, secondly due to any
orthogonalisation operations (e.g. Zero-Forcing Beam Forming
(ZFBF)) in the precoding of transmissions to UEs with non-
orthogonal quantised channels, and thirdly, due to any residual
Multi-User Interference (MUI) between the UEs. In order to
minimise MUI and ZFBF losses, only UEs which have fed
back close to orthogonal (semi-orthogonal) quantised channel
vectors should be co-scheduled for MU-MIMO transmissions.
Any residual MUI, which primarily results from channel
quantisation errors, should then be suppressed by the receiver.

A. Signal Model

For MU-MIMO with nMU UEs co-scheduled, each trans-
mitted to on a single spatial layer (Rank-1), the received
signal of UE k, co-scheduled for MU-MIMO with UEs j ∈
{1, . . . , nMU − 1}, is given by

yk = Hk,Owkxk︸ ︷︷ ︸
Desired Signal

+

nMU−1∑
j=1

Hk,Owjxj

︸ ︷︷ ︸
Multi-User Interference

+

NeNB−1∑
l=1

Hk,lWlxl

︸ ︷︷ ︸
Inter-Cell interference

+nW,k

(1)
where yk is the Nr×1 received signal vector, Hk,O is the Nr×Nt

channel matrix within the original serving cell, wk is the Nt×1
applied unitary precoding and xk is the transmitted symbol, of
UE k. Hk,Owjxj is the interference from co-scheduled UE j,
while Hk,lWlxl is the interference from neighbouring cell l
and finally nW,k it complex Additive White Gaussian Noise
(AWGN), the elements of which have zero mean and variance
σ2. It should be noted that the value Hk,O in this equation
includes the transmit power to each of the co-scheduled UEs,
which is 1/nMU

of the power it would have if they were
scheduled for SU-MIMO alone.

The post-reception SINR of UE k, after the application of
a 1×Nr receive filter gk, can be represented as

γk =
|gkHk,Owk|2

|gk

nMU−1∑
j=1

Hk,Owj |2 + |gk

NeNB−1∑
l=1

Hk,lWl|2 + σ2I||gk||2
.

(2)

B. Channel Feedback
In our system we assume two forms of Channel State

Information (CSI) feedback: quantised SINR and quantised
channel vector. The channel vector quantisation is performed
by mapping the channel matrix to an entry from a predefined
codebook of Nt × 1 unit-norm vectors. This mapping is
performed such that the codebook entry is selected which,
if applied as the precoding vector during Single-User MIMO
beamforming on a single spatial stream (SU-MIMO) transmis-
sion, maximises the effective channel gain at the UE.

Either wideband or subband forms of this CSI feedback can
be specified. Put simply, wideband CSI corresponds to the best
CSI, on average, if applied to the entire considered bandwidth,
while subband CSI is separately specified for each subband
and, as such, provides a higher degree of granularity. We
assume that subband quantised SINR and wideband quantised
channel CSI are available to the serving eNB of a UE, while
wideband CSI (of both forms) is available for neighbouring
eNBs. This will be used in the reassignment process.

In our system the fed back quantised SINR is computed
assuming SU-MIMO operation (nMU=1). Once fed back,
this can then be adjusted at the eNB to estimate the SINR
under MU-MIMO operation with nMU UEs co-scheduled for
MU-MIMO according to the method proposed in [4]:

SINRnMU ,k,e =
1

nMU

SINR1,k,e
+ΔMUI(nMU − 1)

. (3)

This adjustment takes into account the splitting of the
transmit power between the transmission layers of the co-
scheduled UEs and the mean level of unsuppressed MUI,
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ΔMUI . ΔMUI is a precomputable parameter, specific to the
environment and device configuration.

In order for the eNB to compare the expected relative
performances of SU-MIMO and MU-MIMO these SINRs are
then mapped to expected rates. We represent the expected rate
per unit bandwidth of a UE k, when co-scheduled as one of
nMU UEs, attached to eNB e as rnMU ,k,e. In this work e
will be either the currently attached (original) eNB, O, or a
neighbouring eNB targeted for reassignment, T . The expected
UE spectral efficiency for MU-MIMO is then the rate per unit
bandwidth, scaled by the number of UEs simultaneously served
by MU-MIMO.

III. MU-MIMO ACROSS SMALL CELLS MECHANISM

A. Selection of Considered UEs

UEs each decide if they should be considered for
MU-MIMO-based cell reassignment. UEs which are unable
to benefit from MU-MIMO usage in their original cell but
have a sufficiently high SINR to benefit from MU-MIMO in
a neighbouring cell, are considered for MU-MIMO-based cell
reassignment. In other words, the considered UEs are those
that meet the constraint

2r2,k,T > r1,k,O > 2r2,k,OIk,O, (4)

where Ik,O ∈ {0, 1} indicates the presence of other UEs
attached to the original eNB with suitable channel conditions
for MU-MIMO operation with UE k and rnMU ,k,e denotes the
expected rate per unit bandwidth averaged across all subbands.
nMU = 1 and nMU = 2 denote SU- and two-layer MU-
MIMO, respectively, and the averaged rates are scaled by the
number of co-scheduled UEs (layers) to correspond to the
average spectral efficiencies in bits/sec per subband.

Each UE considered for cell reassignment (considered UE)
feeds back wideband CSI for the channels between it and each
target neighbouring eNB. The original eNB then combines
this with the original eNB CSI to compute predicted gains
in spectral efficiency from reassignment (2r2,k,T − r1,k,O).
This expected spectral efficiency improvement assumes that
MU-MIMO will be used by the reassigned UE in all (sched-
uled) subbands after reassignment. These predicted gains,
as well as target eNB quantised channel vectors, are then
forwarded to the central coordinator.

B. Check for Target UEs

We term Target UEs as UEs attached to the target neighbour-
ing eNB with which the Considered UE could potentially be
co-scheduled for MU-MIMO. The central controller checks for
Target UEs by checking whether the quantised channel vector
of any UE in the neighbouring cell is semi-orthogonal to that
of the considered UE, and that their SINR is not too low for
MU-MIMO operation. Elaborating on earlier, two quantised
channels vectors are called semi-orthogonal if the magnitude
of the spatial correlation between them is below a predefined
threshold, ε. Considered UEs for which a Target UE exists are
termed Reassignable UEs.

C. Selection of UE to reassign from the set of Reassignable
UEs

If, in any given reassignment window, multiple reassignable
UEs exist, the UE with the highest expected spectral efficiency
improvement is reassigned to its corresponding target eNB.

This step of selecting a single UE to reassign prevents cases
where a UE gets reassigned into a target cell only to find that
the UE it was supposed to pair with has also been reassigned
into another cell at the same time, which could result in
negative reassignment gain. As an alternative to reassigning the
UE with the highest expected spectral efficiency gain, random
selection of which UE to reassign would remove the need
to communicate the expected spectral efficiency improvement,
although at the cost of a less favourable reassignment gain, on
average.

D. Reassignment

From this reassignment, gains in spectral efficiency can be
achieved by both the Reassigned UE (RUE) and the Target UE
(TUE) in the neighbouring cell into which the reassignment
occurs.

To provide RUE spectral efficiency gain bounds we consider
best and worst case reassignment scenarios. These bounds
rely on (3) [4] and apply some simple assumptions (outlined
shortly).

As a best case we consider the case where the SINR of the
RUE in the target cell is equal to its SINR in the original cell.
In this case the RUE spectral efficiency increases as it would
if MU-MIMO were used in the original cell. In other words,
the best case fractional increase in spectral efficiency is given
by Gainbest case =

2r2,k,T−r1,k,O

r1,k,O
where rnMU ,k,T = rnMU ,k,O.

As a worst case we consider the case where the expected
target cell MU-MIMO spectral efficiency is just greater than
the original cell SU-MIMO spectral efficiency (the left con-
straint in (4) is just met) and for whatever reason (perhaps
a change in the target cell quantised channel vector post
reassignment) MU-MIMO cannot be used in the target cell
after reassignment. This (negative) reassignment gain is given
by Gainworst case =

r1,k,T−r1,k,O

r1,k,O
where r1,k,O = 2r2,k,T .

These bounds are plotted in Figure 2a taking rnMU ,k,e =
log2(1 + SINRnMU ,k,e). SINRnMU ,k,e for different values of
nMU are obtained using (3) for varying levels of unsuppressed
MUI, ΔMUI . For ΔMUI = 0.05, a maximum increase in spec-
tral efficiency of 34.6% can be achieved, while the maximum
loss from an ineffective reassignment is 25.7%. The bounds
assume that SINRnMU ,k,O ≥ SINRnMU ,k,T ∀nMU , k and that
only SU-MIMO is performed before reassignment. They also
do not take into account SINR fluctuations, scheduling, Mod-
ulation and Coding Scheme (MCS) quantisation, or reference
signalling overheads, which we will instead collectively take
into account in Section V through simulation.

In real systems, due to channel fluctuations, particularly
on the cell edge, the assumption that SINRnMU ,k,O ≥
SINRnMU ,k,T may not always hold, with the exception of the
case of DPS CoMP in which cell edge UEs are dynamically
reassigned to whichever nearby cell provides the highest
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Fig. 2: (a) Best (solid line) and worst (dashed line) case UE spectral
efficiency reassignment gains to the reassigned UE for different levels of
unsuppressed multi-user interference at the receiver, ΔMUI , and (b) Stachus
Square strongest received signal power from the three picocells.

instantaneous SINR. Hence, if we start in a position in which
all DPS reassignments have been applied, Figure 2a displays
the potential gains on top of DPS that our mechanism can
obtain.

IV. INVESTIGATED SCENARIO AND SETTINGS

As our scenario we consider an outdoor LTE-A small cell
deployment in Stachus Square in Munich city centre, Germany.
In this scenario three picocell base stations, transmitting down-
link direct LoS full buffer at a power of 24 dBm, serve users
within a 150m x 150m area, while macrocell interference is
observed from 12 surrounding eNB sectors, transmitting at 43
dBm. The macrocell locations correspond to those of one of
the top-tier mobile operators in Germany.

The pathloss and shadow fading for this scenario were
computed using the comprehensive 3D ray-tracing package
Wireless System Engineering (WiSE) [5]. Figure 2b shows the
strongest Reference Signal Received Power (RSRP) from the
three small cell base stations.

At the start of simulation all UEs are assigned to the
small cell of highest RSRP and all small cells contain the
same number of UEs. We vary the numbers of UEs per cell
between simualtions from 1 to 8, although our main focus
is on the cases in which the number of UEs per cell is low
(e.g. 1 to 4), while results for higher numbers of UEs per cell
are also provided for illustrative purposes. UEs can only be
reassigned between small cells and not to a macrocell. During
the simulation UE locations do not change and all UEs are
considered active regardless of whether they get scheduled in
a given Transmission Time Interval (TTI) or not.

In LTE terminology the quantised channel vector and SINR
feedback are referred to as the Precoding Matrix Indicator
(PMI) and Channel Quality indicator (CQI), respectively. Sub-
band CQIs are chosen based on an expected BLock Error Rate
(BLER) of 0.1; these are Mutual Information Effective SINR
Mapping (MIESM) averaged to obtain wideband CQIs and
wideband PMIs are selected to maximise effective channel gain
across the system bandwidth of 10 MHz from the LTE Rel.8 4
Tx codebook. A ΔMUI of 0.05 is applied in MU-MIMO CQI
estimation.

MU-MIMO scheduling is performed, both before and after
reassignment, according to the MU-MIMO Semi-orthogonal
User Selection (SUS) algorithm [6], with some minor adapta-
tions. Within a time-frequency resource block this algorithm

iteratively schedules UEs for MU-MIMO ensuring that sub-
sequently added UEs have semi-orthogonal quantised channel
vectors to those added in previous iterations (based on ε =
0.1), thus limiting the maximum level of MUI between UEs
scheduled on different spatial layers. We apply proportional
fairness in SUS in both the time and frequency domains. To
ensure fast convergence to a proportional fair equilibrium,
the average rate component of the proportional fair metric is
updated according to [7] at each time and each frequency step
in the scheduling procedure.

Additional simulation parameters are provided in Table I.

V. SIMULATION RESULTS

The following results were obtained using the Matlab-
based Vienna LTE System-Level simulator [9]. The design of
this simulator targets analysis of downlink LTE multi-antenna
systems. Monte Carlo simulations were performed as a series
of short snapshots which were averaged over a large number
of iterations to generate the presented results. The MU-MIMO
across Small Cells reassignment mechanism is carried out once
per snapshot. Error bars on all graphs in this section represent
the 95% confidence interval.

In this work we significantly increase the level of detail in
the simulation implementation compared to our previous work
[3] and also investigate the system performance in an urban
outdoor setting. Location-specific characteristic features based
on Munich city centre were applied in the pathloss map gener-
ation and full system-level implementation of MU-MIMO op-
eration was performed, taking into account important features
not included in [3] such as MU-MIMO scheduling outcomes
and the resulting effects of MUI on the SINR and spectral
efficiencies. Further, the simulation configuration was modified
to allow us assess the resulting increases in MU-MIMO usage
by the reassigned and target UE; in the previous work the
results assumed that the reassignment would result in full
MU-MIMO usage by all reassigned and target UEs.

A. Reassignability of UEs
Figure 3 shows the percentages of the UEs, firstly, consid-

ered for reassignment, and secondly, specified by the mecha-
nism as reassignable for both the indoor scenario investigated
in [3] (Dual Stripe with deployment ratio of 0.2) and the
urban outdoor Munich scenario. We notice that both sets of
bars experience similar behaviour, although the percentage
of reassignable UEs in the outdoor scenario is consistently
higher than indoor. This is because in the outdoor scenario
there are no walls (penetration losses) between neighbouring
cells, and, even though the distance between two adjacent sites
may be higher, the difference in SINR between them is often
lower, leading to a higher proportion of UEs being in range of
multiple cells at once.

B. Increases in MU-MIMO usage due to UE reassignments
As a metric to assess the levels of MU-MIMO usage

which are enabled by MU-MIMO-based reassignments we use
the difference between the percentage of scheduled Resource
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TABLE I: Simulation parameters

Pathloss Model Stachus Square, Munich, produced using WiSE [5]
Fast Fading Model Winner II [8] (with UE velocity 3 Km/h, feedback channel delay 1 ms)
Snapshot Length 10 TTIs (5 TTIs before and 5 TTIs after reassignment)
eNB Antenna Configuration 4 Tx antennas (Cross-polarised 0.5λ spacing, -45◦/,45◦ slants)
UE Antenna Configuration 2 Rx antennas (Cross-polarised 0.5λ spacing, 0◦/,90◦ slants)
MIMO Transmission Schemes SU-MIMO: single layer beamforming
(can be dynamically switched between) MU-MIMO: max. 2 UEs, 1 layer per UE
Rx filtering Minimum Mean Square Error (MMSE)-Interference Rejection Combining (IRC)
LTE Feedback Overhead 31.15%

1 2 3 4 5 6 7 8
Average Number of UEs per Cell
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Considered UEs Dual Stripe
Reassignable UEs Dual Stripe
Considered UEs Munich
Reassignable UEs Munich

Fig. 3: Percentage of UEs considered for reassignment and deemed re-
assignable, Dual Stripe and Munich.

Blocks (RBs)(/subbands) in which MU-MIMO was used be-
fore reassignment, and after reassignment. Equivalently this
can be termed the increase in the average number of spatial
layers utilised in scheduled RBs, expressed as a percentage.
This is averaged over a small number of TTIs both before and
after reassignment in each snapshot. We call this the increase
in MU-MIMO usage.

In Figure 4a we observe that for our targeted scenario in
which the number of UEs per cell is low (1 - 4) there are large
increases in the MU-MIMO usage of both the RUEs and TUEs.
This shows the ability of our proposed MU-MIMO-based
reassignment mechanism to overcome limitations experienced
in [1], [2], in which it was found that, when the number of
UEs per small cell is low, MU-MIMO struggles to perform
well due to the lack of appropriate UE pairings.

Compared to our previous work [3], in which is was
assumed that the reassignments would enable full MU-MIMO
usage in all cases (RUE & TUE bars = 100%), this figure
shows that, particularly as the number of UEs per cell in-
creases, the gains in MU-MIMO usage may be significantly
reduced. This can be attributed to a number of factors: firstly,
with more UEs per cell, each with constantly changing channel
conditions, whether a suitable MU-MIMO pairing exists in
the original or target cell becomes more dynamic and harder
to estimate; secondly, with more UEs per cell the number of
RBs assigned to a UE is decreased, reducing the accuracy
of our (necessarily) wideband reassignment decision metric;
and thirdly, with more reassignable UEs to choose from,
reassignments which benefit from SINR differences between
the original and target cells as well as (sometimes minor)
MU-MIMO gains more predominantly occur.

C. Increases in UE Spectral Efficiency due to UE Reassign-
ments

For the cases of 1 to 4 UEs per cell, for which the
increases in MU-MIMO usage in Figure 4a are highest, we see

1 2 3 4 5 6 7 8
Average Number of UEs per Cell

0

20

40

60

80

100

In
cr

ea
se

 in
 M

U
-M

IM
O

 U
sa

ge
[%

 o
f R

es
ou

rc
e 

B
lo

ck
s]

RUE
RUE & TUE
Original Cell & Target Cell

(a)

1 2 3 4 5 6 7 8
Average Number of UEs per Cell

0

0.5

1

1.5

2

2.5

In
cr

ea
se

 in
 U

E
 S

pe
ct

ra
l E

ffi
ci

en
cy

 [b
ps

/H
z] RUE

RUE & TUE
Original Cell & Target Cell

(b)

Fig. 4: Increases in (a) Multi-User MIMO usage and (b) UE spectral
efficiency resulting from reassignment. Presented for: the RUE alone; the
average across the RUE & TUE; and the average over all UEs in the Original
Cell & Target Cell.

significant gains in RUE and TUE spectral efficiency in Figure
4b. While the RUE spectral efficiency continues to increase
slowly with the number of UEs per cell, we know from Figure
4a that beyond 6 UEs per cell this does not correspond to large
increases in MU-MIMO usage, for reasons discussed above,
and so is not the focus of this work. Hence, the mechanism is
of primary direct benefit when there are fewer UEs per cell.

VI. CONCLUSIONS

In this paper, we have proposed and investigated a new
method of increasing MU-MIMO gains in small cell networks,
which we call MU-MIMO across Small Cells. This method
involves the coordinated reassignment of UEs which were
unable to be co-scheduled for MU-MIMO in their original cell,
to neighbouring cells in which they can perform MU-MIMO.

For these reassignments we presented performance bounds
subject to some simplifying assumptions which showed UE
spectral efficiency gains of up to 34.6% for the reassigned UE.
We then performed detailed system level simulations which
took into account a large number of additional factors such as
scheduling, modulation and coding, initial cell assignments,
and scenario-specific characteristics, among others. For the
cases of few UEs per cell (1 - 4) from these simulations we
found that the set of UEs for which MU-MIMO is enabled
(RUE & TUE) achieves average spectral efficiency gains of
0.87 bps/Hz (from 1.47 to 2.34), corresponding to the enabling
of MU-MIMO for the RUE on 76% (from 16.5% to 92.5%)
of scheduled subbands.
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