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(57) ABSTRACT 

An eNB is configured to perform a method for coordinating 
downlink power per layer at an eNB in a multiple-input, 
multiple-output (MIMO) network. The method includes 
receiving feedback from at least one UE; calculating a 
plurality of MIMO gradients based on the received feed 
back; changing a power per layer according to the calculated 
MIMO gradients; and exchanging gradient power informa 
tion between the eNB and at least one neighboring eNB. 
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SYSTEMAND METHOD FOR 
COORDINATED MIMO SWITCHING (CMS) 

IN TDD/FDD-LTE 

TECHNICAL FIELD 

The present disclosure relates generally to wireless com 
munications, and more particularly, to a system and method 
for coordinated MIMO switching (CMS) in Time Division 
Long Term Evolution (TD-LTE) and Frequency Division 
Duplex LTE (FDD-LTE). 

BACKGROUND 

Communication using a multiple-input multiple-output 
(MIMO) channel offers a significant capacity gain over a 
single-input single-output (SISO) channel. In many MIMO 
systems, interference is the fundamental capacity limiting 
factor. Cooperation and coordination of MIMO transmission 
at base stations have the potential to boost the capacity of 
today’s cellular systems. Achieving both large capacity 
gains and improving cell-edge user performance is a major 
challenge in Third Generation Partnership Project (3GPP) 
Long Term Evolution (LTE) systems. 

SUMMARY 

According to one embodiment, there is provided a method 
for coordinating downlink power per layer at an enhanced 
nodeB (eNodeB or eNB) in a multiple-input, multiple 
output (MIMO) network. The method includes receiving 
feedback from at least one user equipment (UE); calculating 
a plurality of MIMO gradients based on the received feed 
back; changing a power per layer according to the calculated 
MIMO gradients; and exchanging gradient power informa 
tion between the eNB and at least one neighboring eNB. 

According to another embodiment, there is provided an 
eNB configured for coordinating downlink power per layer 
in a multiple-input, multiple-output (MIMO) network. The 
eNB includes at least one memory and at least one processor 
coupled to the at least one memory. The at least one 
processor is configured to receive feedback from at least one 
UE; calculate a plurality of MIMO gradients based on the 
received feedback; change a power per layer according to 
the calculated MIMO gradients; and exchange gradient 
power information between the eNB and at least one neigh 
boring eNB. 

According to yet another embodiment, there is provided 
a non-transitory computer readable medium embodying a 
computer program. The computer program includes com 
puter readable program code for receiving feedback from at 
least one UE; calculating a plurality of MIMO gradients 
based on the received feedback; changing a power per layer 
according to the calculated MIMO gradients; and exchang 
ing gradient power information between the eNB and at least 
one neighboring eNB. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present disclo 
Sure, and the advantages thereof, reference is now made to 
the following descriptions taken in conjunction with the 
accompanying drawings, wherein like numbers designate 
like objects, and in which: 

FIG. 1 illustrates an example communication system that 
that may be used for implementing the devices and methods 
disclosed herein; 
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2 
FIGS. 2A and 2B illustrate example devices that may be 

used for implementing the methods and teachings disclosed 
herein; 

FIG. 3 illustrates an example method for coordinating 
downlink power per layer at an eNB in a MIMO network, 
according to this disclosure; 

FIG. 4 illustrates spatial signatures of the first eight 
precoders in the LTE 4 Antenna codebook; and 

FIGS. 5 through 8 illustrate results for certain simulations 
of the disclosed embodiments for single-user MIMO and 
multiple-user MIMO. 

DETAILED DESCRIPTION 

FIGS. 1 through 8, discussed below, and the various 
embodiments used to describe the principles of the present 
invention in this patent document are by way of illustration 
only and should not be construed in any way to limit the 
scope of the invention. Those skilled in the art will under 
stand that the principles of the invention may be imple 
mented in any type of Suitably arranged device or system. 
The following documents and standards descriptions are 

hereby incorporated into this disclosure as if fully set forth 
herein: 

G. Golub and C. V. Loan, “Matrix Computations,” Johns 
Hopkins Univ. Press, 1996 (hereinafter “REF1): 

A. L. Stolyar and H. Viswanathan, “Self-organizing 
dynamic fractional frequency reuse through distributed 
inter-cell coordination: The case of best-effort traffic.' Bell 
Labs, Alcatel-Lucent, Technical Memo, June 2008 (herein 
after “REF2); 

G. Wunder, M. Kasparick, A. Stolyar, and H. Viswana 
than, “Self-organizing distributed inter-cell beam coordina 
tion in cellular networks with best effort traffic. 8th Intl. 
Symposium on Modeling and Optimization in Mobile, Ad 
Hoc, and Wireless Networks (WiOpt 2010), June 2010 
(hereinafter “REF3); and 
M. Kasparick and G. Wunder, “Autonomous distributed 

power control algorithms for interference mitigation in 
multi-antenna cellular networks, European Wireless 2011, 
Apr. 27-29, 2011, Vienna, Austria, April 2011 (hereinafter 
“REF4). 

Embodiments of this disclosure provide systems and 
methods for performing Coordinated MIMO Switching 
(CMS) control among eNBs in a TD-LTE or FDD-LTE 
network (which together are often referred to as TDD/FDD 
LTE) on a per-layer basis, specifically on the shared data 
channel. The coordination is performed on a per layer 
subband basis while being cyclic across the subframes. If an 
eNB can assume that its neighbors will behave in a similar 
way, the eNB can predict the signal to interference and noise 
ratio (SINR) of a UE in an upcoming subframe based on its 
own coordination strategy, as well as the previously reported 
channel quality indexes (CQIS) pertaining to a similar layer 
subband. This enables the eNBs to apply their power 
resources to the subframes and layer-subbands that would 
benefit the network cluster as a whole, especially in a 
heterogeneous network where large power imbalances can 
OCCU. 

Some other power control algorithms are derived from a 
single receive antenna channel model. Most LTE UEs have 
multiple antennas and MIMO may be the default mode of 
operation. TD-LTE provides a number of advantages com 
pared to FDD in order to facilitate coordination. In a TDD 
system, all serving and interference channel matrices can be 
obtained without additional overhead. This is only possible 
when all UEs transmit or receive on all their antennas. The 
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embodiments disclosed herein feature power control algo 
rithms on a per layer basis that accommodates TDD/FDD 
LTE with a MIMO channel model, where there is explicit 
inter-eNB communication. The power control algorithms 
are based on a network utility maximization (NUM) frame 
work. It is assumed that the UE will be using a minimum 
mean square error (MMSE) receiver detection scheme with 
spatial multiplexing. It is noted that the algorithm does not 
depend on the specific UE detection scheme, since a more 
powerful UE detector (e.g., a maximum likelihood (ML) 
detector) will simply function like an equivalent MMSE 
detector that is placed closer to the eNB. 
The performance gains of power coordination using the 

disclosed embodiments have been reviewed in both a single 
user MIMO (SU-MIMO) and a multiple-user MIMO (MU 
MIMO) operation mode. The disclosed power coordination 
algorithms show large performance gains in the presence of 
multiple transmission layers. Additionally, simulations show 
very good convergence characteristics. In one embodiment, 
the per user throughput gains from power coordination in 
SU-MIMO are about 63% at the cell edge, and about 47% 
on average. SU-MIMO is a more constrained form of 
MU-MIMO. In SU-MIMO, the system is restricted to sched 
uling the same user on all the layers in a Subband, whereas 
in MU-MIMO, the system has the freedom to schedule any 
user on any layer in a Subband. Thus it is expected that the 
impact of power control will be greater for SU-MIMO, 
because of this constraint. Some simulation results suggest 
that the gains from power control are larger for SU-MIMO 
than for MU-MIMO. For example, in a MU-MIMO embodi 
ment, the gains are approximately 72% at the cell edge, and 
about 7% on average. 

FIG. 1 illustrates an example communication system 100 
that may be used for implementing the devices and methods 
disclosed herein. In general, the system 100 enables multiple 
wireless users to transmit and receive data and other content. 
The system 100 may implement one or more channel access 
methods, such as code division multiple access (CDMA), 
time division multiple access (TDMA), frequency division 
multiple access (FDMA), orthogonal FDMA (OFDMA), or 
single-carrier FDMA (SC-FDMA). 

In this example, the communication system 100 includes 
user equipment (UE) 110a-110c, radio access networks 
(RANs) 120a-120b, a core network 130, a public switched 
telephone network (PSTN) 140, the Internet 150, and other 
networks 160. While certain numbers of these components 
or elements are shown in FIG. 1, any number of these 
components or elements may be included in the system 100. 
The UEs 110a–110C are configured to operate and/or 

communicate in the system 100. For example, the UEs 
110a-110c are configured to transmit and/or receive wireless 
signals. Each UE 110a-110c represents any suitable end user 
device and may include such devices (or may be referred to) 
as a user equipment/device (UE), wireless transmit/receive 
unit (WTRU), mobile station, fixed or mobile subscriber 
unit, pager, cellular telephone, personal digital assistant 
(PDA), Smartphone, laptop, computer, touchpad, wireless 
sensor, or consumer electronics device. 
The RANs 120a-120b here include base Stations 170a 

170b, respectively. Each base station 170a-170b is config 
ured to wirelessly interface with one or more of the UEs 
110a-110c to enable access to the core network 130, the 
PSTN 140, the Internet 150, and/or the other networks 160. 
For example, the base stations 170a-170b may include (or 
be) one or more of several well-known devices, such as a 
base transceiver station (BTS), a Node-B (NodeB), an 
evolved NodeB (eNodeB or eNB), a Home NodeB, a Home 
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4 
eNodeB, a site controller, an access point (AP), a wireless 
router, a server, a Switch, or any other Suitable processing 
entity with a wired or wireless network. 

In the embodiment shown in FIG. 1, the base station 170a 
forms part of the RAN 120a, which may include other base 
stations, elements, and/or devices. Also, the base station 
170b forms part of the RAN 120b, which may include other 
base stations, elements, and/or devices. Each base station 
170a-170b operates to transmit and/or receive wireless 
signals within a particular geographic region or area, some 
times referred to as a “cell. In some embodiments, mul 
tiple-input multiple-output (MIMO) technology may be 
employed having multiple transceivers for each cell. 
The base stations 170a-170b communicate with one or 

more of the UEs 110a-110c over one or more air interfaces 
190 using wireless communication links. The air interfaces 
190 may utilize any suitable radio access technology. 

It is contemplated that the system 100 may use multiple 
channel access functionality, including Such schemes as 
described herein. In particular embodiments, the base sta 
tions 170a-170b and UEs 110a-110c are configured to 
implement various wireless standard including LTE, LTE-A, 
and/or LTE-B. Additionally, in accordance with this disclo 
sure, one or more of the base stations 170a-170b and UEs 
110a-110C are configured to communicate according to 
coordinated MIMO switching standards and principles. Of 
course, other multiple access Schemes and wireless proto 
cols may be utilized. 
The RANs 120a-120b are in communication with the core 

network 130 to provide the UEs 110a–110c with voice, data, 
application, Voice over Internet Protocol (VoIP), or other 
services. Understandably, the RANs 120a-120b and/or the 
core network 130 may be in direct or indirect communica 
tion with one or more other RANs (not shown). The core 
network 130 may also serve as a gateway access for other 
networks (such as PSTN 140, Internet 150, and other 
networks 160). In addition, some or all of the UEs 110a-110c 
may include functionality for communicating with different 
wireless networks over different wireless links using differ 
ent wireless technologies and/or protocols. 

Although FIG. 1 illustrates one example of a communi 
cation system, various changes may be made to FIG. 1. For 
example, the communication system 100 could include any 
number of UEs, base stations, networks, or other compo 
nents in any suitable configuration. 

FIGS. 2A and 2B illustrate example devices that may be 
used for implementing the methods and teachings disclosed 
herein. In particular, FIG. 2A illustrates an example UE 110. 
and FIG. 2B illustrates an example base station 170. These 
components could be used in the system 100 or in any other 
Suitable system. 
As shown in FIG. 2A, the UE 110 includes at least one 

processing unit 200. The processing unit 200 implements 
various processing operations of the UE 110. For example, 
the processing unit 200 could perform signal coding, data 
processing, power control, input/output processing, or any 
other functionality enabling the UE 110 to operate in the 
system 100. The processing unit 200 also supports the 
methods and teachings described in more detail below. For 
example, the processing unit 200 is configured to control or 
support operations of the UE 110 according to the D2D 
standards and principles described below. Each processing 
unit 200 includes any Suitable processing or computing 
device configured to perform one or more operations. Each 
processing unit 200 could, for example, include a micro 
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processor, microcontroller, digital signal processor, field 
programmable gate array, or application specific integrated 
circuit. 
The UE 110 also includes at least one transceiver 202. The 

transceiver 202 is configured to modulate data or other 
content for transmission by at least one antenna 204. The 
transceiver 202 is also configured to demodulate data or 
other content received by the at least one antenna 204. Each 
transceiver 202 includes any suitable structure for generat 
ing signals for wireless transmission and/or processing sig 
nals received wirelessly. Each antenna 204 includes any 
Suitable structure for transmitting and/or receiving wireless 
signals. One or multiple transceivers 202 could be used in 
the UE 110, and one or multiple antennas 204 could be used 
in the UE 110. Although shown as a single functional unit, 
a transceiver 202 could also be implemented using at least 
one transmitter and at least one separate receiver. 
The UE 110 further includes one or more input/output 

devices 206. The input/output devices 206 facilitate inter 
action with a user. Each input/output device 206 includes 
any suitable structure for providing information to or receiv 
ing information from a user, Such as a speaker, microphone, 
keypad, keyboard, display, or touch screen. 

In addition, the UE 110 includes at least one memory 208. 
The memory 208 stores instructions and data used, gener 
ated, or collected by the UE 110. For example, the memory 
208 could store software or firmware instructions executed 
by the processing unit(s) 200 and data used to reduce or 
eliminate interference in incoming signals. Each memory 
208 includes any suitable volatile and/or non-volatile stor 
age and retrieval device(s). Any suitable type of memory 
may be used. Such as random access memory (RAM), read 
only memory (ROM), hard disk, optical disc, subscriber 
identity module (SIM) card, memory stick, secure digital 
(SD) memory card, and the like. 
As shown in FIG. 2B, the base station 170 includes at 

least one processing unit 250, at least one transmitter 252, at 
least one receiver 254, one or more antennas 256, and at 
least one memory 258. The processing unit 250 implements 
various processing operations of the base station 170. Such 
as signal coding, data processing, power control, input/ 
output processing, or any other functionality. The processing 
unit 250 can also support the methods and teachings 
described in more detail below. For example, the processing 
unit 250 is configured to control or support operations of the 
base station 170 according to the coordinated MIMO switch 
ing standards and principles described below. Each process 
ing unit 250 includes any suitable processing or computing 
device configured to perform one or more operations. Each 
processing unit 250 could, for example, include a micro 
processor, microcontroller, digital signal processor, field 
programmable gate array, or application specific integrated 
circuit. 

Each transmitter 252 includes any suitable structure for 
generating signals for wireless transmission to one or more 
UEs or other devices. Each receiver 254 includes any 
Suitable structure for processing signals received wirelessly 
from one or more UEs or other devices. Although shown as 
separate components, at least one transmitter 252 and at least 
one receiver 254 could be combined into a transceiver. Each 
antenna 256 includes any suitable structure for transmitting 
and/or receiving wireless signals. While a common antenna 
256 is shown here as being coupled to both the transmitter 
252 and the receiver 254, one or more antennas 256 could 
be coupled to the transmitter(s) 252, and one or more 
separate antennas 256 could be coupled to the receiver(s) 
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6 
254. Each memory 258 includes any suitable volatile and/or 
non-volatile storage and retrieval device(s). 

Additional details regarding UEs 110 and base stations 
170 are known to those of skill in the art. As such, these 
details are omitted here for clarity. 

Embodiments of this disclosure provide power control 
algorithms on a per layer basis for a MIMO channel model. 
The algorithms are applicable to TD-LTE systems, and also 
to FDD systems which do not require the DL channel gain 
matrix at the eNB. It is noted that rank adaptation is just an 
extreme case of power control on the layers, where a lower 
rank means that the power is switched off on the higher 
layers, and a power re-balancing has happened. Thus, the 
disclosed embodiments do not require explicit rank adapta 
tion as specified in the LTE standard, since the disclosed 
embodiments can control the powers on each layer individu 
ally in order to achieve a more optimum state. This disclo 
Sure also considers the more standard compliant case where 
the power on each layer is equal, just to see how the gradient 
calculation changes. For the case of individually controlled 
power per layer, the gradients simplify to a form similar or 
identical to the SISO case, where the SINR term (which is 
denoted herein as S) is replaced by a modified SINR term 
(which is denoted herein as S.). 
The disclosed Coordinated MIMO Switching (CMS) 

embodiments perform independent power control per 
MIMO layer. The disclosed MU-MIMO algorithm is similar 
to the VSA algorithm proposed in REF4. However, unlike 
REF4 which only supports the TD-LTE and single receive 
antenna channel model, the disclosed embodiments can 
support TD-LTE and FDD-LTE. 

In some cases, TD-LTE is advantageous over FDD, in that 
the channel reciprocity can be exploited. For example, the 
disclosed embodiments do not need to rely on PMI (pre 
coding matrix index) feedback when uplink channel sound 
ing is used. Also, TD-LTE removes the restrictions con 
nected with the IPMI (interferer precoding matrix index) 
report as implemented in LTE Release 11, since an eNB can 
directly estimate the full unduantized channel matrix, for 
both its own UEs as well as for its neighbors. These neighbor 
channel estimates can then be exchanged between eNBs 
either directly or in some quantized form. This is only 
possible when all UEs sound on all their antennas, not only 
on their transmit antennas as is usually the case. Multiple 
antenna sounding is implemented in LTE Release 10 to 
facilitate UL-MIMO. 

Alternatively, in FDD-LTE, the channel reciprocity is not 
applicable and the DL channel gain matrices for the serving 
and interfering cells may not be easy to obtain at the eNB. 
Embodiments of this disclosure provide a solution that does 
not require the knowledge of the DL channel gain matrices 
and it is mainly based on the reference signal received 
powers (RSRPs) and CQIs of the serving and interfering 
cells. 
The framework disclosed herein fits naturally with the 

TDD/FDD configuration and can be applied to all combi 
nations of the following: 

1. SU-MIMO 
2. MU-MIMO 
3. Equal powers on layers 
4. Independent powers on layers 
Coordinated MIMO Switching 
The Coordinated MIMO Switching (CMS) algorithm 

disclosed herein uses inter-eNB information exchange. This 
algorithm optimizes the power settings on all the eNBs by 
directly maximizing the cluster wide utility measure. It is 
noted that since rank adaptation is just as an extreme form 
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of power control, namely an on/off power control on the 
second layer, this disclosure considers all UEs to be at 
maximum rank while the power on each layer is determined 
by the power control algorithm. 

To illustrate the disclosed embodiments, consider a clus 
ter of eNBs that serves a UE population {1 ... i... I}, where 
the i' UE experiences an average rate of X, and X= 
{X . . . X} is the vector of all average rates. The k" eNB 
serves a unique UE population defined by the set I(k). 
Consider now a single global scheduler that tries to maxi 
mize a Utility function UCX), which may include the afore 
mentioned cluster wide utility measure. Typically a propor 
tional fair algorithm will use a utility function given by: 

U(X) =X U (X) =X log(X). (1) 

The average user rate is defined by the Shannon capacity 
formula as: 

(2) 
X = Xunlog, (1 + SINRin) 

where J is the number of subbands, and up is bound by 
Osl's 1 (3) 

where up represents the probability that user i will be 
scheduled in Subband n, r, {1,2,4} represents the transmis 
sion rank, and SINR represents the SINR of user i. 
subband n, layer 1. 
SISO 
To better illustrate the MIMO techniques described 

below, a SISO example will now be described. In a SISO 
system, the slowfading SINR, of UE on the n" subband is 
defined as: 

Pan Gin 
No + X P. Gik 

kE 

4 
SINR = (4) 

where P is the power of the serving eNB and P are the 
powers of the interfering eNBs (i.e., the transmission power 
of eNB n and Subband k). No is the terminal noise level, G, 
represents the i' UE's slowfade path gain to eNB, and G, 
is the i' UE's slowfade path gain to eNB, 
MISO 
In order to analyze the MISO SINR term, consider a 

length M channel vector: 
a(0)=0 ... e jit M-1)sin(0iRIT (5) 

where 0, is the angular direction of UE, to the eNB and 
represents a vector transpose. It is assumed that a beam 

vector W(qb) is of the same form but normalized by a term 
1/VM to ensure power unity and p, represents the beam 
direction of eNB, on subband n. The MISO (Multiple eNB 
Tx, single UE RX) SINR is given by: 

Pam Gimhinn 
No + X Pik Gikhink 

kE 

6 
SINR = (6) 

where 

hink- la'(0) w(P.) 2 (7) 
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8 
represents the spatial component of received signal power at 
UE, from NB, on subband n, which is the combined channel 
after beam forming/precoding from eNB, to the i' UE on 
Subband n, and () represents a complex conjugate vector 
transpose. 
MIMO with Independent Power on Layers 
The SINR models given in equations (4) and (6) assume 

that the UE has a single receive antenna. Given that the UE 
will have multiple receive antennas and be doing MMSE 
receiver processing, the MIMO SINR (which includes mul 
tiple eNB transmit antennas and multiple UE receive anten 
nas) on the 1" layer is given by: 

SINR,-Si-P, Ghaf'Rahim. i-ii (8) 

Here, the precoded channel to the UE on the 1" layer is 
given by: 

(9) H him! = A, Wint, 

which is the 2D expansion (vector form) of the one dimen 
sional (scalar form) equation (7). The received interference 
covariance matrix at the UE is given by: 

(10) r 

R = No + X X Pika Gik highlig. 
k q.kgill 

where I is the Identity matrix of size N (the number of 
receive antennas), and No is the thermal noise floor at -174 
dBm/Hz. It can be observed that with only one receive 
antenna (and consequently only one layer), equation (8) 
reduces to equation (6); also, equation (6) reduces to equa 
tion (4) with only one transmit antenna at the eNB. 
MIMO with Equal Power on Layers 
The LTE standard may require the use of equal power per 

layer. The result is that there are fewer degrees of freedom 
to optimize over, and also the presence of a “self-interfer 
ence term, because the power selected to serve on one layer 
will also be used as an interference term from other layers. 
With this restriction, the following equation is given: 

Sint = P, Gimha Rhint, (11) 

and the received interference covariance matrix (with the 
self interference term) is 

12 

Rii = No + X. Pik Gik (2. hill) -- P-6-2 hol.) (12) g kE q-Fi 

Optimization Problem 
The optimization problem can be stated as: 
maximize U (X) 

subject to 

maximize (13) U(X) 

subject to X Pik is P, Wik 
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where U() is the Utility function, P is the transmission 
power of eNB n and Subband k, P is the transmission 
power of eNB n, and up, represents the probability that user 
i will be scheduled in subband n. 

This optimization problem can then be written as an 
unconstrained Lagrangian optimization, where the objective 
is to maximize: 

L(X, u, ) = (14) 

U(X) XX (2. thin - l -X' (). Pt - Pa) k le(k) k 

After the gradients have been calculated (as described 
below with respect to equations (19)-(22)), the updating step 
follows for each variable. During the power update cycle, a 
fast inner loop is used to update the following: 

L 

Öffin 
(15) 

fi (t + 1) = titi (t) + 3 

(16) L 
pink (t + 1) = unk (t) * fa. 

and a slow outer loop is used to update the following: 

L (17) 
P(t + 1) = P(t) + Bar 

L 

Ök 
(18) 

(t + 1) = f(t) + 3 

As known in the art, w and L in these equations are 
sometimes referred to as the “dual variables', and they are 
introduced in equation (14) to enforce the two constraints in 
equation (13). The value B is a small value referred to as the 
“step size’. 

To perform the update equations in (15) to (18), the 
various gradient functions needed are first derived as shown 
below: 

6L 0 U 6X, (19) 
al, a X, au. ink 

L (20) 
: - X it - Öpink (2. 

L 8 U; ) X, 3S 21 =X - E - A. (21) 

L (22) 
- = - X Pt - P. i = (XP.-P.) 

Each partial derivative can now be described individually. 
Note that 
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U 

depends on the specific utility function. For a proportional 
fair utility, the following applies: 

Given equation (2), the following can be determined as: 

* = log(1+ SINR of T og ( in), 

and 

dX, thin 1 
0S, T log(2) (1 + Sin) 

Given the definition of SINR as defined in equation (8), 
the only remaining derivative to be calculated is 

which is derived below. These calculations are separable and 
it is only necessary for an eNB to calculate this value for its 
own connected UEs, since the rest of the information will 
get eXchanged. 
MIMO Gradients 

The more generalized case of multiple antennas will now 
be considered. The gradients for multiple antennas are 
derived by using the matrix inversion lemma described in 
REF 1, that states the following: 

d R. ap. = -R (Gis highli)R.I. 

Given the new definition of SINR as defined in equation 
(8), the following derivative can be determined as: 

(23) 
Wie (k) & l = q 

Given the restriction of equal power on different layers 
and a new definition of SINR as defined in equation (11), 
the following can be written: 

Wie (k) & l = q 
- C2 otherwise 

(24) ÖSint +C 
dP. 
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where 

Sint (25) 
C = - P-6-4-(). hol.) Rhin q-Fi 

C2 = P, Gin Gikh?, R, (2. hill): hfu. (26) 
g 

Equation (23) can be written as: 

M2 (27) ÖSint 1, 2 Gik Sint ar, = -Pin Gim Gik hf. Rihikg = - p. 

where 

Sint = Plun Gimlhi,R, hikl, (28) 

is some function of the reported SINR S as defined in 
equation (8). 

It is noted that most of the variables above decouple 
according to k so that the Subscript k could be dropped and 
each calculation could be performed per eNB. The only 
exception is for the calculation of the 

and 

L 

dP. 

terms that need to be exchanged among eNBS. The algo 
rithm above can be split between a fast scheduling iteration, 
an inter-NB information exchange, and slow power update. 

Fast Network State (up) Update 
The primal dual update in equation (15) works well for 

Small problems, but in general it may not be ideal, since the 
search domain size (number of UEsxnumber of subbands), 
can be quite large. Instead, each eNB could run a Propor 
tional Fair scheduler virtually in order to calculate p. The 
scheduler continuously tries to maximize the given Utility 
function, by selecting the i' UE in subframe in that would 
maximize 

where r(i) is the “commodity amount generated' or instan 
taneous rate improvement, in Subframe n, if the it UE is 
selected. 

Since both X and r (i) are measured in bps/Hz, the “rate' 
is proportional to spectral efficiency. Then each eNB could 
update equation (15) where 
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(30) 

which leads to replacing i in (21) with i. this value is 
averaged before it gets exchanged among eNBS, as shown 
below: 

a L 1 L Wk (31) =a. (1-p) + p.a., vk, n. 

Here each eNB needs to calculate the effect that every 
other eNBs powers 

L 

dP. 

(including itself) has on the currently scheduled UE. There 
fore, both 

0L 
dink 

and 

L 

a P. 

and Subsequently 

L 
Ödk 

and 

L 
dP. 

as calculated by eNB is a matrix of size JxK, when there 
are K eNBs in the cluster. The use of the virtual scheduler 
eliminates the need to calculate , and L entirely. 

Inter-eNB Information Exchange 
The maximum size of the information exchanged is an 

array of size JxK per eNB, namely 

L 
a (m). 

where k=1 . . . K. In some cases, this could be a very sparse 
array with a size of approximately JXKX4, and its value 
would probably change quite slowly over time. Note that 
currently, the relative narrowband transmit power (RNTP) 
message that is exchanged between two eNBs on the X2 
interface has a size of NumRB bits. The m' eNB will then 
calculate 
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- M. 32 L K L k (32) 

f =Xi () 
k=1 

and 

33 al. V, a L k (33) f =Xfc) 

because of the Summation in equation (1), and use the results 
to determine how to update the power vector. 

Slow Beam and Power Update 
The following simplified power update is analogous to the 

network State search, and in most cases is very stable. This 
simplified algorithm updates the power vector by fixed 
increments, as shown in the following: 

(34) ( 3L 
Pik (t + 1) = P(t) + op. Sig 8 P. J. 

Where 6, is a fixed value power adjustment. 
Furthermore, it can be determined during each power 

update step whether the algorithm is still in the feasible 
region, that is, whether all powers are positive and all Sum 
powers are less than maximum power. If not, the step can 
simply be reversed. In the power update algorithm disclosed 
herein, the delta power from the subband with the worst 
derivative is exchanged with the subband with the best 
derivative; in this manner, the maxi Sum powers is always 
maintained. This simplification eliminates the need to cal 
culate W entirely. 
UE Feedback Requirements in TD-LTE 
One advantage of TDD systems is that there are no 

restrictions to receiving channel state information in the 
form of PMI and IPMI reports. Due to the channel reciproc 
ity, the eNB can directly estimate the full channel matrices 
to its serving UEs as well as the neighboring UEs based on 
channel Sounding. Advantageously, interference channel 
matrices are obtained at no additional cost of overhead. 
These channel matrices can then be exchanged between 
eNBs, if needed. Once the channel matrices have been 
exchanged, the eNB can even determine what type of 
receiver combining the UE will perform. In essence, the 
eNB can determine the h, and k, terms as used in (28). 
Additionally the received covariance matrix can be rewritten 
aS 

e (35) iai 

where the eNB can calculate the value of R by itself, and 
where the value of R can be obtained either by UE 
feedback or based on calculations from known interference 
channel matrices and power levels received from neighbor 
ing NBs, as well as RSRP reports received from its served 
UES. 
UE Feedback Requirements in FDD-LTE 
In FDD-LTE, the channel reciprocity is not applicable, 

and it can been seen from equation (23) that the gradient 
computations require the knowledge of the DL channel gain 
matrices for the serving and interfering cells at the eNB. 
Ignoring the channel gain matrices on the gradient equations 
(23)-(28) results in highly oscillating gradients and may not 
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14 
achieve the optimum utility. To address this issue, two 
parameters are introduced: WBCQIs and WBCQI. The 
WBCOI parameter accounts for the dominating inter 
ferer and it can be modeled as the ratio of the long term 
SINR. The WBCQI, parameter accounts for serving cells 
fast fading. Incorporating those two parameters leads to a 
stable gradients behavior and trace the optimum utility: 

-- Sint Wie (k) & (36) i 6 

0Sint Paki i 
G WBCOI ÖPik (Sn) WBCOlso otherwise 

Piki Gin WBCQI 

where 

1 (37) 
WBCOI = G; 

- 1 X. Gin 

WBCOI =S (38) 
Equations (36)-(38) can also be applied in the case of 

equal power on different layers. The FDD gradient equation 
(36) can be further optimized by adding a punishing factor 
to the gradient of the serving cell. Potentially, the parameter 
A in equation (9) can be approximated with the full rank 
IPMI and w with the actual precoder used by NB, on layer 
1. 

Alternate LTE Release 11 Approach 
The algorithm can be simplified greatly when the new 

feedback provided in Rel. 11 is used, namely the CSI-RS-IM 
(CSI-RS with interference measurement). On closer inspec 
tion of the gradient, and writing it as a difference equation, 
it can be seen that: 

8S; Si(Pk) - Si (P2) (39) 
a P. P1 - P2 

Given that P took one value during the regular CQI 
measurement, and it set P=0, during the CSI-RS-IM COI 
measurement, the gradient can be determined as: 

0S, S.; (P)-S;(0) (40) 
ap, po 

where S(0) represents the CSI-RS-IM report. However, this 
requires that the value of P be exchanged among eNBs. 

FIG. 3 illustrates an example method for coordinating 
downlink power per layer at an eNB in a MIMO network, 
according to this disclosure. For ease of explanation, the 
method 300 is described as being used with the system 100 
of FIG. 1. In particular, the method 300 may be performed 
by one or more of the base stations 170a-170b. However, the 
method 300 could be used by any suitable device and in any 
Suitable system or network. 
At step 301, an eNB (e.g., base station 170a-170b) 

receives feedback from at least one UE (i.e., UE 110a–110c). 
For example, when the MIMO network is a TD-LTE net 
work, the received feedback may include a COI, a covari 
ance matrix, a Sounding on all receive antennas of the UE, 
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or a combination of two or more of these. As another 
example, when the MIMO network is a FDD-LTE network, 
the received feedback may include a COI, a PMI, a full rank 
IPMI, or a combination of two or more of these. 
At step 303, the eNB calculates a plurality of MIMO 

gradients based on the received feedback. For example, 
when the MIMO network is a TD-LTE network, the eNB 
calculates the plurality of MIMO gradients according to 
equations (23)-(28). As another example, when the MIMO 
network is a FDD-LTE network, the eNB calculates the 
plurality of MIMO gradients according to equations (36)- 
(38). 
At step 305, the eNB changes a power per layer according 

to the at least one calculated gradient. This may include the 
eNB changing the power to be different on each layer. At 
step 307, the eNB exchanges gradient power information 
with at least one neighboring eNB. 

In some embodiments, at step 309, the eNB may 
exchange one or more interference channel matrices with 
one or more neighboring eNBs. For example, the eNB can 
measure at least one channel matrix and transmit the at least 
one matrix to an interfering eNB, while also receiving from 
the interfering eNB at least one different channel matrix. 

Although FIG. 3 illustrates one example of a method 300 
for coordinating downlink power per layer at an eNB in a 
MIMO network, various changes may be made to FIG. 3. 
For example, while shown as a series of steps, various steps 
in FIG. 3 could overlap, occur in parallel, occur in a different 
order, or occur any number of times. 

Simulation Results 
Two sets of simulation results will now be presented. The 

first set uses static precoders in each virtual subband for both 
reference and CMS in FIGS. 5 through 8 and in Table 2. The 
second set uses dynamic precoders in each virtual Subband 
in Table 3. The following includes simulation results for 
CMS (SU-MIMO with TD-LTE) and a comparison with 
MU-MIMO with a single receive antenna channel model. 
Also included is a comparison between the channel model 
and FDD-LTE. 

For TD-LTE, the performance of CMS (SU-MIMO with 
TD-LTE) is compared with a similar MU-MIMO algorithm. 
The SU/MU comparison is not completely analogous, since 
the MU-MIMO UE has only one receive antenna, while the 
SU-MIMO UE has two receive antennas. For that reason, 
only the relative gains of power control are compared to its 
own baseline in the SU-MIMO and MU-MIMO cases 
respectively. This comparison is still insightful since it 
provides information regarding the trade-offs of power con 
trol gains versus the inherent flexibility in the inherent 
technology. Indeed, if the MU-MIMO UE also had multiple 
antennas, even less gain from power control could be 
expected. 
The general simulation assumptions are listed in Table 1. 

The performance metrics of interest are the average sector 
throughput (provided in terms of bps/Hz) and the fifth 
percentile sector throughput (edge UE throughput). The 
sector throughput metric demonstrates whether the 
resources are being efficiently utilized while the cell edge 
UE throughput metric demonstrates how fairly the UEs at 
the edge are being treated. Note that the reference here is a 
SU-MIMO with fixed power reference. Here the fixed 
precoders per virtual subbands are: 

(-49,-6), (-32.6), (-19, 19), (-6.32), (6.49) 
These correspond to angular directions in 4Tx antenna 3GPP 
codebook as shown graphically in FIG. 4. In FIG. 4, the 
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16 
spatial signature of the first eight precoders in the LTE 4Tx 
codebook are shown. The legends indicate the spatial direc 
tion of each beam. 

TABLE 1. 

Fixed Precoder TDD Simulation Parameters 

57 Macros 

Drops 1 

CQI feedback All SINRs are known perfectly 
Antenna Gains Macro is sectorized (17 dBi) 
Antenna Number (Tx., RX) (4,2) 

Layout 

Channel Model LOS, No fast fading 
Scheduler Proportional Fair 
Throughput Calculation log2(1 + SINR) 
UEs per Macro Sector 10 
HARQ None 
Site to site Distance 0.5 km 

Precoder None 

RI feedback period No Rank Adaptation 
CQI feedback every TTI 

FIGS. 5 through 8 illustrate results for certain simulations 
of the disclosed embodiments for SU-MIMO and MU 
MIMO. FIG. 5 illustrates the utility convergence results for 
SU-MIMO. The utility is calculated as the 
sum overall UEs log(throughput per UE)}. FIG. 6 illus 
trates the cumulative distribution function (CDF) of the 
SU-MIMO user throughputs. 

It is understood that FIG. 7 and FIG. 8 illustrate relative 
power curves from a single eNB. These plots are formed 
using Equation 34. It is understood that once the slope of the 
power curves is equal to 0, the curves have reached a state 
of equilibrium. 

For FIG. 7 and FIG. 8, each plot illustrated corresponds 
to a single Subband sampled at a discrete period of time. For 
example, plot lines 701 & 801 correspond to using n=1 as 
subband 1, plot lines 702 & 802 correspond to using n=2 as 
subband 2, etc. 
While FIG. 7 and FIG. 8 are directed to a single eNB, it 

is understood that this FIG. 7 illustrates the power conver 
gence for a plurality of virtual Subbands on eNB 1 for 
SU-MIMO, where each plot line 701-710 represents the 
power convergence for a particular subband over time. FIG. 
8 illustrates the power convergence for a plurality of virtual 
subbands on eNB 1 for MU-MIMO, where each plot line 
801-810 represents the power convergence for a particular 
subband over time. 

Note that the eNBs raise and lower the power on virtual 
subbands in a coordinated way. While FIGS. 7 and 8 
illustrate the power curve from a single eNB, it is explicitly 
understood that this disclosure may be used in an enviro 
ment with a plurality of eNB units. For example, eNB1 
raises the power on virtual subband 1 and lowers the power 
on virtual subband 2, while eNB2 raises the power on virtual 
subband 2 and lowers the power on virtual subband 1. 
Additionally, it is understood that this disclosure may be a 
used in networks with a plurality of eNBs where the plurality 
of eNBs reach equilibrium. The relative performance of the 
power control schemes for both SU-MIMO and MU-MIMO 
are summarized in Table 2. 
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TABLE 2 

Summary of Fixed Precoder 
SU-MIMO vs. MU-MIMO power control gains 

SU-MIMO MU-MIMO 

Approximate Power 100 ms 200 ms 
Convergence time 
AVG Gain 47% 79% 
Edge Gain 63% 7396 
Avg. Thp 5.2 5.2 
THP 59% O.25 O.2O 

For dynamic precoding, the performance of the CMS 
(SU-MIMO) is evaluated, and the performances of the 
TD-LTE and FDD-LTE scenarios are compared. Note that in 
TDD, a perfect channel knowledge of the DL channel gain 
matrices is assumed for the serving and interfering cells 
which are used in calculating the gradients. Here instead of 
using equations (24)-(28), equation (36) is used to calculate 
the gradient, which is more realistic for FDD channels. This 
at least partially explains the difference in performance 
between TDD and FDD. 

The general simulation assumptions are listed in Table 3. 
The performance metrics of interest are the average sector 
throughput (provided in terms of bps/Hz) and the fifth 
percentile sector throughput (edge UE throughput). The 
reference here is dynamic precoding SU-MIMO with fixed 
power reference. The standard codebook is used as shown in 
Table 4. 

TABLE 3 

Dynamic Precoder Simulation Parameters 

Layout 57 Macros 
Simulation time 2.5 seconds 
Drops 1 
CQI feedback 
Antenna Gains 
Antenna Number (Tx., RX) 
Channel Model 
Scheduler 
Throughput Calculation 

All SINRs are known perfectly 
Macro is sectorized (17 dBi) 
(2, 2) 
LOS, No fast fading 
Proportional Fair 
log (1 + SINR/Y), where , = 

0.6642: y = 0.8904 
UEs per Macro Sector 10 
HARQ None 
Site to site Distance 0.5 km 
Precoder 3GPP in Table 4 
RI feedback period 
CQI feedback 

every 300 TTI 
every TTI, delayed by 4 TTI 

TABLE 4 

3GPP Standard 2Tx Codebook 

Codebook Index Single Layer Two layers 

| | | 
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TABLE 4-continued 

3GPP Standard 2Tx Codebook 

Codebook Index Single Layer Two layers 

3 !, V2-j 

The relative performance of the power control schemes 
for both of FDD and TDD are Summarized in Table 5. 

TABLE 5 

Summary of Dynamic Precoder SU-MIMOS Performance 

REF TDD-CMS FDD-CMS 

Power Convergence 150 ms 250 ms 
AVG Gain 1.24% 1.84% 
Edge Gain 7.85% S.66% 
Avg. Thp 2.506 2.537 2.552 
THP 59% O.074 O.O8O O.078 

Embodiments of this disclosure provide a NUM power 
control algorithm, referred to herein as the “CMS algo 
rithm, where the signal model is inherently MIMO. This 
algorithm can be applied both in TDD and FDD modes. 
Compared to a TDD MU-MIMO mode, the CMS algorithm 
shows a significant gain in terms of performance as well as 
convergence and stability. The CMS algorithm can also be 
equally applied to an MU-MIMO operation mode. This 
framework fits well in a TDD environment which greatly 
facilitates practical implementation aspects. 

In some embodiments, some or all of the functions or 
processes of the one or more of the devices are implemented 
or Supported by a computer program that is formed from 
computer readable program code and that is embodied in a 
computer readable medium. The phrase “computer readable 
program code' includes any type of computer code, includ 
ing source code, object code, and executable code. The 
phrase “computer readable medium includes any type of 
medium capable of being accessed by a computer, Such as 
read only memory (ROM), random access memory (RAM), 
a hard disk drive, a compact disc (CD), a digital video disc 
(DVD), or any other type of memory. 

It may be advantageous to set forth definitions of certain 
words and phrases used throughout this patent document. 
The terms “include and “comprise,” as well as derivatives 
thereof, mean inclusion without limitation. The term 'or' is 
inclusive, meaning and/or. The phrases “associated with 
and “associated therewith,” as well as derivatives thereof, 
mean to include, be included within, interconnect with, 
contain, be contained within, connect to or with, couple to 
or with, be communicable with, cooperate with, interleave, 
juxtapose, be proximate to, be bound to or with, have, have 
a property of, or the like. 

While this disclosure has described certain embodiments 
and generally associated methods, alterations and permuta 
tions of these embodiments and methods will be apparent to 
those skilled in the art. Accordingly, the above description of 
example embodiments does not define or constrain this 
disclosure. Other changes, Substitutions, and alterations are 
also possible without departing from the spirit and scope of 
this disclosure, as defined by the following claims. 
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What is claimed is: 

1. A method for coordinating downlink power per layer 
independently at an enhanced NodeB (eNB) in a multiple 
input, multiple-output (MIMO) network, the method com 
prising: 

receiving feedback from at least one user equipment 
(UE): 

calculating a plurality of MIMO gradients based on the 
received feedback; 

changing a power per layer according to the calculated 
MIMO gradients; and 

exchanging gradient power information between the eNB 
and at least one neighboring eNB. 

2. The method of claim 1, further comprising: 
measuring at least one first channel matrix; 
receiving, from an interfering eNB, at least one second 

channel matrix; and 
transmitting, to the interfering eNB, the at least one first 

channel matrix. 

3. The method of claim 1, wherein the network is a time 
division-Long Term Evolution (TD-LTE) network and the 
feedback received from the at least one UE includes at least 
one of a channel quality index (CQI), a covariance matrix, 
or a Sounding on all receive antennas of the UE. 

4. The method of claim 1, wherein the network is a 
frequency division duplexing-LTE (FDD-LTE) network and 
the feedback received from the at least one UE includes at 
least one of a channel quality index (CQI), a full rank 
precoding matrix index (PMI), or a full rank interferer 
precoding matrix index (IPMI). 

5. The method of claim 1, wherein the power is changed 
to be different on each layer. 

6. The method of claim 1, wherein the network is a 
TD-LTE network and calculating the plurality of MIMO 
gradients comprises calculating according to: 

S; 
ini Wie (k) & l = q. 

0S Pikt 
M2 

6 Pika Gik'int otherwise 
Gin Punt 

r H - Sint = Point Gimlhi, Riihikal, 

where 

ÖSint 
Pika 

is a MIMO gradient for UE i served by eNB n, layer l; P. 
is a transmission power of eNB m, Subband n, layer 1: G, 
is a slowfade path gain of UE i to eNB m: G is a slowfade 
path gain of UE i to eNB k; h, is a spatial component of 
received signal power at UE i from eNB m on layer l; R. 
is a received interference covariance matrix at UE i, layer 1, 
Subband n; and he is the spatial component of received 
signal power at UE i from eNB k on layer q. 

7. The method of claim 1, wherein the network is a 
FDD-LTE network and calculating the plurality of MIMO 
gradients comprises calculating according to: 
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S; 
+Pl Wie (k) & l = q. 

ÖSint Piki 
G; WBCO ÖPik -(Sn) WBCOlso otherwise 

Piki Gin WBCQI 

1 

WBCOl. = . . . 
- 1 X. Gin 

WBCOI = Sint, 

where 

ÖSint 
6 Pika 

is a MIMO gradient for UE i, layer 1, Subband n: S is a 
SINR of UE i, layer 1, Subband n; P is a transmission 
power of eNB k, subband n, layer l; G is a slowfade path 
gain of UE i to eNB m: G is a slowfade path gain of UE 
i to eNB k; and G, is a slowfade path gain of UE i to eNB 
l. 

8. A first enhanced NodeB (eNB) configured for coordi 
nating downlink power per layer in a multiple-input, mul 
tiple-output (MIMO) network, the first eNB comprising: 

at least one memory; and 
at least one processor coupled to the at least one memory, 

the at least one processor configured to: 
receive feedback from at least one user equipment (UE); 
calculate a plurality of MIMO gradients based on the 

received feedback; 
change a power per layer according to the calculated 
MIMO gradients; and 

exchange gradient power information between the first 
eNB and at least one neighboring eNB. 

9. The first eNB of claim 8, wherein the at least one 
processor is further configured to: 

measure at least one first channel matrix: 
receive, from an interfering eNB, at least one second 

channel matrix; and 
transmit, to the interfering eNB, the at least one first 

channel matrix. 

10. The first eNB of claim 8, wherein the network is a time 
division-Long Term Evolution (TD-LTE) network and the 
feedback received from the at least one UE includes at least 
one of a channel quality index (CQI), a covariance matrix, 
or a Sounding on all receive antennas of the UE. 

11. The first eNB of claim 8, wherein the network is a 
frequency division duplexing-LTE (FDD-LTE) network and 
the feedback received from the at least one UE includes at 
least one of a channel quality index (CQI), a full rank 
precoding matrix index (PMI), or a full rank interferer 
precoding matrix index (IPMI). 

12. The first eNB of claim 8, wherein the power is 
changed to be different on each layer. 

13. The first eNB of claim 8, wherein the network is a 
TD-LTE network and calculating the plurality of MIMO 
gradients comprises calculating according to: 
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0S Paki 
M2 

6 Pika Gik'int otherwise 5 
Gin Punt 
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where 10 
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is a MIMO gradient for UE i served by eNB n, layer l; P. 
is a transmission power of eNB m, Subband n, layer 1: G, 
is a slowfade path gain of UE i to eNB m: G is a slowfade 
path gain of UE i to eNB k; h, is a spatial component of 
received signal power at UE i from eNB m on layer l; R. 20 
is a received interference covariance matrix at UE i, layer 1, 
Subband n; and he is the spatial component of received 
signal power at UEi from eNB k on layer q. 

14. The first eNB of claim 8, wherein the network is a 
FDD-LTE network and calculating the plurality of MIMO 25 gradients comprises calculating according to: 

Sint 
-- Wie (k) & l = 

ÖSint Piki i 30 
Gik WBCOl 6 Pika -(S)? - otherwi (sini) Po. WBCO otherwise 

WBCO = 1 
Olst = y:- 35 

Gin 

WBCOI = Sint 

40 
where 

ÖSint 
6 Pika 45 

is a MIMO gradient for UE i, layer 1, Subband n: S is a 
SINR of UE i, layer 1, subband n; P is a transmission 
power of eNB k, subband n, layer l; G is a slowfade path 
gain of UE i to eNB m: G is a slowfade path gain of UE 50 
i to eNB k; and G is a slowfade path gain of UE i to eNB 
l. 

15. A non-transitory computer readable medium embody 
ing a computer program, the computer program comprising 
computer readable program code for: 55 

receiving feedback from at least one user equipment (UE) 
in a multiple-input, multiple-output (MIMO) network; 

calculating a plurality of MIMO gradients based on the 
received feedback; 

changing a power per layer according to the calculated 60 
MIMO gradients; and 

exchanging gradient power information between an 
enhanced NodeB (eNB) and at least one neighboring 
eNB. 

16. The non-transitory computer readable medium of 65 
claim 15, further comprising computer readable program 
code for: 

22 
measuring at least one first channel matrix; 
receiving, from an interfering eNB, at least one second 

channel matrix; and 
transmitting, to the interfering eNB, the at least one first 

channel matrix. 
17. The non-transitory computer readable medium of 

claim 15, wherein the network is a time division-Long Term 
Evolution (TD-LTE) network and the feedback received 
from the at least one UE includes at least one of a channel 
quality index (CQI), a covariance matrix, or a Sounding on 
all receive antennas of the UE. 

18. The non-transitory computer readable medium of 
claim 15, wherein the network is a frequency division 
duplexing-LTE (FDD-LTE) network and the feedback 
received from the at least one UE includes at least one of a 
channel quality index (CQI), a full rank precoding matrix 
index (PMI), or a full rank interferer precoding matrix index 
(IPMI). 

19. The non-transitory computer readable medium of 
claim 15, wherein the power is changed to be different on 
each layer. 

20. The non-transitory computer readable medium of 
claim 15, wherein the network is a TD-LTE network and 
calculating the plurality of MIMO gradients comprises cal 
culating according to the according to: 

Sint 
Wie (k) & l = q. 

0S Pikt 
M2 

6 Pika Gik'int otherwise 
Gin Punt 

r H - Sint = Point Gimlht Riihiki, 

where 

ÖSint 
6 Pika 

is a MIMO gradient for UE i served by eNB n, layer l; Pt 
is a transmission power of eNB m, Subband n, layer 1: G, 
is a slowfade path gain of UE i to eNB m: G is a slowfade 
path gain of UE i to eNB k: h is a spatial component of 
received signal power at UE i from eNB m on layer l; R. 
is a received interference covariance matrix at UE i, layer 1, 
subband n; and his the spatial component of received 
signal power at UEi from eNB k on layer q. 

21. The non-transitory computer readable medium of 
claim 15, wherein the network is a FDD-LTE network and 
calculating the plurality of MIMO gradients comprises cal 
culating according to: 

S; 
Pil Wie (k) & l = q. 

0.Sin Paki 
6 Pika Gik WBCQls, - (Sint) - otherwise 

" P.G., WBCOI 

1 
WBCOI = Gin 

- 1 X. Gin 

WBCOI = Sint 
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where 

ÖSint 
Pika 5 

is a MIMO gradient for UE i, layer 1, Subband n: S is a 
SINR of UE i, layer 1, subband n; P is a transmission 
power of eNB k, subband n, layer l; G is a slowfade path 10 
gain of UE i to eNB m: G is a slowfade path gain of UE 
i to eNB k; and G is a slowfade path gain of UE i to eNB 
l. 

24 


