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DISTRIBUTED RADIO ACCESS NETWORKS {RANS) SUPPORTING
COORDINATED AMPLIFIER GAIN OPTIMIZATION

CROSS~-REFERERNCE TO RELATED APPLICATION
{0601} This application claims the benefit of priorty vader 35 US.C § 120 of US.
Application Serial No. 16/268780, filed February 6, 2019, the content of which 1s rehied upon
and incorporated herein by reference m its entirety.

BACKGROUND

{66062} The disclosure relates generally to mobile communications systems and related
networks, such as Universal Mobile Telecommunications Systems (UMTSs), its offspring
Long Term Evolution (LTE) and 5™ Generation New Radio {3G-NR) described and being
developed by the Third Generation Partnership Project (3GPP), and more particularty to radio
access networks (RANs) and user mobile communication devices connecting thercto, including
small cell RANs, implemented in such mobile communications systems.
EEIRY Operators of mobile systems, such as UMTS and its offspring including LTE and
LTE-Advanced, are increasingly relving on wireless small cell RANs in order to deploy for
example indoor voice and data services to enterprises and other customers. Such small cell
RANs typically wtilize mudtiple-access technologies capable of supporting communications
with multiple users using radio frequency (RF) signals and sharing available system resources
such as bandwidth and transmit power. Evolved universal terrestrial radio access (E-UTRA)
18 the radio interface of 3GPP’s LTE upgrade path for UMTS mobile networks. In these
systems, there are different frequencies where LTE (or E-UTRA) can be used, and in such
systems, user mobile communications devices connect {0 a serving system, which is
represented by a cell. In LTE, cach cell is produced by a node called eNodeB (eNB).
[0604] In this regard, FIG, 1 18 a schematic diagram of an exemplary mobhile
telecommunications environment 100 (also referred to as “environment 1807} that nchudes
exemplary macrocell radio access networks (RANs) 182{(1)-102(M) (“macrocells 162{1)-
102(M)”) and an exemplary small cell RAN 104 located within an enterprise environment 106
and configured to service mobile commumications between a user mobile communications
device 108(1)-108(N} to a mobile network operator (MNGO) 118, A serving RAN for a user
mobile communications devices 108(1}-108(N) is a RAN or cell in the RAN in which the user
mobile communications devices 188(1)-1088(IN} have an established communications session

with the exchange of mobile commmunications signals for mobile commumications. Thus, a
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serving RAN may also be referred to herein as a serving cell. For example, the user mobile
communications devices 108(3)-108(N) m FIG. 1 arc being serviced by the small cell RAN
164, whereas user mobile communications devices 108(1) and 108(2) are being serviced by the
macrocells 182(13-102(M). The macrocells 102(13-182(M} arc mobile network operation
{MNO) macrocells in this example. However, a shared spectrum RAN 103 (also referred to as
“shared spectrum cell 1037 includes a macrocell in this example and supports conmmanications
on frequencies that are not solely hicensed to a particelar MNO and thus may service user
mobile communications devices 108(1)-108(N} independent of a particular MNO.  For
example, the shared spectrum cell 103 may be operated by a third party that is not an MNQG
and wherein the shared spectnum cell 183 support citizens broadband radio service (CBRS).
Also, as shown in FHG. 1, the MNO macrocells 102{1)-102(}}, the shared spectrum cell 103,
and the smali cell RAN 104 may be neighboring radio access systems to cach other, meaning
that some or all can be in proximity to each other such that a user mobile communications
device 108(3)-108(N) may be able to be in comnmunications range of two or more of the MNO
macrocells 182(1)-102(M), the shared spectrum cell $103, and the small cell RAN 164
depending on the location of user mobile communications devices 108(3)-108(N).

HERIRY In a non-limiting example, the mobile telecommunications environment 100 is
arranged as an LTE system as described by 3GPP as an evolution of the GSM/UMTS standards
{Global Svstem for Mobile commumication/Universal Mobile Telecommunications System).
It is emphasized, however, that the aspects described herein may also be applicable to other
network tyvpes and protocols. The mobile telecommunications environment 188 includes the
enterprise 186 in which the small cell RAN 104 is implemented. The small cell RAN 164
mcludes a plurality of wireless transceiver nodes 112(3)3-112(C), which are also referred
mterchangeably as small cell radio nodes (RNg). Each of the wireless transceiver nodes 112{1})-
112¢C) has a radio coverage arca {(graphically depicted m the drawings as a hexagonal shape)
that is commonly termed a “small cell.” A small cell may also be referred to as a femtocell, or
using terminology defined by 3GPP as a Home Evolved Node B (HeNB). In the description
that follows, the term “cell” tvpically means the combination of a radio node and its radio
coverage arca unless otherwise indicated.

[8006] The size of the cnterprisc 106 and the number of cells deploved in the small cell
RAN 104 may vary. In typical implementations, the enterprise 186 can be from 50,000 to
500,000 square feet and encompass multiple floors, and the small cell RAN 184 may support

hundreds to thousands of users using mobile communications platforms sach ag mobile phones,
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smartphones, tablet computing devices, and the like shown as the user mobile communications
devices 188(3}-108(M). However, the foregoing is intended to be illustrative and the solutions
described herein can be typically expected to be readily scalable either apwards or downwards
as the needs of a particular usage scenano demand.

G087 In FIG. 1, the small cell RAN 104, which may also be referred generally as a
distributed RAN, mchudes one or more services nodes {represented as a single services node
114 in FIG, 1) that manage and control the wireless transceiver nodes 312(13-112{(C). In
alternative implementations, the management and control functionality may be incorporated
mto a radio node, distributed among nodes, or implemented remotely (1.¢., using infrastructure
external to the small cell RAN 104}, The wireless transceiver nodes 112(13-112(C} are coupled
to the services node 114 over a direct or local area network (LAN) connection 116 ag an
example typically using secure {Psec tunncls. The services node 114 aggregates voice and data
traffic from the wircless transceiver nodes 112(1)-112(C) and provides connectivity over an
IPsec tunnel to a securnity gateway (SeGW) 118 1o an Evolved Packet Core (EPC) network 120
of the MNG 118, The EPC network 128 is typically configured to communicate with a public
switched telephone network (PSTN) 122 to camy circuit-switched traffic, as well as for
communicating with an external packet-switched network such as the Internet 124,

{0008] The cnvironment 106 also generally includes an Evolved Node B {(eNB} base
station, or “macrocell” 102, The radio coverage arca of the macrocell 102 is typically much
targer than that of a small cell where the extent of coverage often depends on the base station
configuration and surrounding geography. Thus, a given user mobile commumnications device
108(31-108(N) may achieve connectivity to the EPC network 128 through either a macrocell
162 or any one of the wircless transceiver nodes 112{13-112{C) in the small ccll RAN 184 in
the environment 104,

HEEDH No admission 1s made that any reference cited hercin constitutes prior art.
Applicant expressly reserves the right to challenge the accuracy and pertinency of any cited

documents.

SUMMARY
{0310} Embodments of the disclosure relate to a distributed radio access network (RAN)
supporting coordinated amplifier gain optimization. The distnbuted RAN includes a server

apparatus and a number of wirgless transeeiver nodes {g.g., small cell radio nodes) coupled to
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the scrver apparatus via a communication medinm {¢.g., an optical fiber-based communication
medium).  The distributed RAN is configured to form a number of coverage cells, cach
congisting of a wireless transcetver node(s), such as a low-power radiofs) {(LPR{s}}. The
wirgless transceiver node(s) in a coverage cell is configured to receive and convert an uplink
radio frequency (RF) communications signal(s) into an uplink digital communications signal(s)
for communication to the server apparatus over the communication medium. In this regard,
the wireless transceiver node{s) imcludes an analog-to-digital converter(s} {ADC{(s)) for
converting the uphink RF communications signal(s} mto the uplink digital communications
signal{s). Notably, the ADC(s) typically operates in a defined dynamic range, which defines
minimum and maximum power amplitude of the uplink RF communications signal(s) that the
ADC{s) can process without causing distortion (¢.g., amplitude chipping) in the uplink digital
communications signal{s}. As such, the wireless transceiver node(s) mayv emplov a variable
gain amplitier(s) {VGA(s)) to adjust the power amphitude of the uplink RF conmunications
signal{s) to the defined dynamic range of the ADC(s) prior to converting the uplink RF
communications signal{s) into the uplink digital communications signal{s). In this regard, the
VG A(s) can be set to an effective gain level(s) so determuned to adjust the power amplitude of
the uplink RF communications signal(s) to the defined dvnamic range of the ADC{s}. Asa
result, it may be possible to prevent the uplink digital communications signal(s} from being
distorted by the ADC(s) regardless of actual power amplitude of the uplink RF communications
signal(s).

0011} In examples discussed herein, the server apparatus i1s configared to determine a
common gain value for the VGA(S) in the wireless transceiver node(s) located 1n the coverage
cell to prevent the ADC(s) in the wireless transceiver node(s} from distorting the uplink digital
communications signal{s). In this regard, a selected wireless transceiver node(s) n a selected
coverage cell 1s configured to receive an RF test signal(s} from a second selected wireless
transceiver node(s) in a second selected coverage cell (o.g., a neighboring coverage cell). The
selected wireless transceiver node(s) determines a predefined characteristic of the RF test
signal{s). Accordmgly, the selected wireless transceiver node(s) determines an effective gain
value that falls within an effective gain range(s) of the VGA(s) based on the predefined
characteristic of the RF test signal(s}. The selected wireless transceiver node(s) communicates
the effective gain value, together with other related parameters, such as the effective gam
range(s), to the server apparatus. The server apparatus 1s configured to determing a common

gain value for the selected wireless transceiver node(s) located in the selected coverage cell
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based on the parameters reported by the selected wireless transceiver node{s) and communicate
the common gain value 1o the selected wireless transceiver node(s) in the selected coverage
cell.  Accordingly, the selected wireless transceiver node(s) in the selected coverage cell
configures the VGA{s) to operate based on the common gain value determined by the server
apparatus. By determining a respective conunon gain value for cach of the coverage cells in
the distributed RAN, it may be possible for all the wireless transceiver nodes m the distributed
RAN to communicate the uplink digital communications signal{s) without causing distortion
m the uplink digital communications signal(s), thus helping o improve performance and user
experience in the distributed RAN,

[8012] In one aspect, a wireless transceiver node in a distributed RAN 1s provided. The
wirgless transceiver node includes a communication interface coupled 0 a server apparatus via
a communication medium. The wireless transceiver node also mcludes a receive circuit
coupled to the communication interface, the receive circuit configured 1o receive at least one
RF test signal in a selected receive band in a maintenance mode. The wireless transceiver node
also includes a controlier communicatively coupled to the communication interface and the
receive circuit. The controller 1s configured to receive the at least one RF test signal from the
receive circuit. The controller is also configured to determine a predefined charactenstic of the
at least onc RF test signal. The controller is also configured to determine an effective gamn
value based on the predetined characieristic. The controlier is also configured to cause the
receive circuit to convert the at least one RF test signal into a digital test signal based on the
effective gain value and commumicate the digital test signal to the server apparatus via the
commumication interface. The controller is also configured to communicate a gain descriptor
comprising the effective gain value to the server apparatus via the communication interface.
The controller is also configured to receive a common gain value via the communication
mterface. The controller is also configured fo cause the receive circwnt to convert the at least
one RF test signal mito the digital test signal based on the common gain value.

013} In another aspect, a server apparatus in a distributed RAN 1s provided. The server
apparatus includes a server communication mmterface coupled to a plurality of wireless
transceiver nodes via a communication mediom. The server apparatus also includes a control
circuit conununicatively coupled to the server communication inderface. The control circuit s
configured fo operate in a mamicnance mode to receive one or more digital test signals m
association with ong or more gam descriptors from one or more selected wireless transceiver

nodes among the plurality of wireless transceiver nodes via the server communication interface.
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The control circuit is also configured to operate in a maintenance mode to determine a conunon
gain value for the one or more selected wircless transceiver nodes based on the one or more
gain descriptors. The control eircuit s also configured to operate in a maintenance mode to
communicate the common gain value to the one or more selected wircless transceiver nodes
via the server communication interface.

6014} In another aspect, a distributed RAN is provided. The distributed RAN includes a
commumication medivm. The distributed RAN also includes a server apparatus. The server
apparatus includes a server communication interface coupled to the communication medium.,
The server apparatus also includes a control circuit communicatively coupled to the server
communication interface. The distributed RAN also includes a plurality of wireless transceiver
nodes coupled to the server apparatus via the communication medivum. Each of the plurality of
wireless franscciver nodes includes a communication interface coupled to the conununication
medium, a receive circuit coupled to the communication interface, and a controller
communicatively coupled to the commumication interface and the receive curenit. In a
maintenance mode, one or more selected receive circuits in one or more selected wireless
transceiver nodes among the plurality of wireless transceiver nodes are each configured to
receive at least one RF test signal in a selected receive band. In the maintenance mode, one or
more controllers in the one or more selected wireless transceiver nodes are gach configured to
determine a predefined characteristic of the at least once RF test signal, determine an offective
gain vaiue based on the predefined charactenstic, cause the receive circuit to convert the at
least one RF test signal into a digital test signal based on the effective gain value and
communicate the digital test signal ¢ the server apparatus via the communication interface,
and communicate a gain descriptor compnsing the effective gain value to the server apparatus
via the commumnication mterface. In the mantenance mode, the control circuit in the server
apparatus 18 configured to receive one or more digital test signals in association with one or
more gain descriptors from the one or more selected wircless transceiver nodes among the
plurality of wireless transceiver nodes via the server commumication interface. In the
maintenance mode, the control circuit in the server apparatus is also configured to determine a
common gain vabue for the one or more selected wireless transcetver nodes based on the one
or more gain descriptors, and communicate the conunon gain value 1o the one or more selected
wircless transcetver nodes via the server communication interface. In the mammtenance mode,
the one or more controllers in the one or more selected wireless transceiver nodes are also each

further configured to receive the common gain value via the communication interface, and
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cause the receive circutt to convert the at least one RF test signal into the digital test signal
based on the common gain value.

{8815} In another aspect, a method for supporting coordimated amplifier gain optinnzation
in a distributed RAN is provided. The method includes causing one or more selected wireless
transceiver nodes in the distributed RAN to cach receive at least one RF test signal. The method
also includes determining a predefined characteristic of the at least one RF test signal in cach
of the one or more selected wireless transceiver nodes. The method also includes determining
an effective gain value based on the predefined characteristic i each of the one or more
selected wireless transceiver nodes. The method also includes converting the at least one RF
test signal into a digital test signal based on the effective gain value in cach of the one or more
selected wireless transceiver nodes. The method also includes determining a common gamn
value for cach of the one or more sclected wirchess transceiver nodes. The method also includes
communicating the common gain value to cach of the one or more selected wireless transceiver
nodes.

(6016} Additional features and advantages will be set forth in the detailed description
which follows and, in part, will be readily apparent to those skilled in the art from the
description or recognized by practicing the embodiments as descnbed in the written description
and claims hereof, as well as the appended drawings.

[0017] It is to be understood that both the forcgoing general description and the following
detailed description are merely exemplary and are infended to provide an overview or
framework to understand the nature and character of the claims.

{0018} The accompanying drawings arc included to provide a further understanding of the
disclosure, and are incorporated n and constitute a part of this specification. The drawings
iHustrate one or more embodiment(s}, and together with the descniption serve to explam

principles and operation of the varioss embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

{8019} Fi;. 1 is a schematic diagram of an exemplary mobile telecommumications
environment that includes an exemplary macrocell radio access network (RAN} and an
cxemplary small cell RAN located within an enterprise environment and configured to service
mobile communications between a user mobile communications device to a mobile network

operator (MNO);
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{6620} FIG. 2 dlustrates exemplary details of an evolved packet core (EPC) and Evolved
Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access Network (B~
UTRAN) arranged under LTE (Long Term Evolution) for the mobile telecomnumications
environment in FIG. 1;

{0021} FIG. 3 is a schematic diagram of an exemplary distributed RAN configured
according to an embodiment of the present disclosure to support coordinated amplifier
gain optimization;

{0022] FIG. 4 is a schematic diagram of an exemplary wircless transceiver node, which
can be provided as any wireless transceiver node located in any coverage cell in the
distributed RAN of FIG. 3,

{6623} FiG. 5 15 a flowchart of an exemplary process than can be employved to support
coordinated amplifier gain optimization in the distributed RAN of FIG. 3; and

[024] FIG. 6 15 a schematic diagram of an exemplary computer svstem that can be
mmplemented 1n a server apparatus m the distributed RAN of FIG. 3 as a control circuit orin a
wireless transceiver node(s) in the distributed RAN of FIG. 3 as a controller(s} to support

coordimated amplifier gain optimization n the distributed RAN of FIG. 3.

DETALLED DESCRIPTION

{6625} Embodiments of the disclosure relate to a distributed radio access network (RAN)
supporting coordinated amplifier gain optimization. The distributed RAN includes a server
apparatus and a number of wircless transceiver nodes {¢.g., small cell radio nodes) coupled to
the server apparatus via a commumcation medium (e.g., an optical fiber-based communication
mediam). The distributed RAN s configured to form a number of coverage cells, cach
consisting of a wireless transceiver node(s), such as a low-power radio(s) (LPR(s}}. The
wirgless transceiver node(s) in a coverage cell 1s configured to receive and convert an uphink
radic frequency {RF) communications signal(s) into an uplink digital commumications signal{s})
for commumication to the server apparatus over the communication medium. In this regard,
the wireless transceiver node{s) includes an analog-to-digital converter(s) (ADC{(s})) for
converting the uphink RF communications signal(s} mito the uplink digital communications
signal{s). Notably, the ADC(s) tvpically operates in a defined dyoamic range, which defines
minimum and maximum power amplitude of the uplink RF coramunications signal(s) that the

ADC(s) can process without causing distortion {(¢.g., amplitude chpping) in the uphnk digital
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communications signal{s}. As such, the wireless transceiver node{s) may employ a variable
gan amplifier(s) (VGA(s)) to adjust the power amplitude of the uplink RF communications
signal(s) to the defined dynamic range of the ADC(s) prior to converting the uplink RF
communications signal{s) into the uplink digital commumications signal(s). In this regard, the
VGA(s) can be set to an effective gain level(s) so determined to adjust the power amplitude of
the uphink RF communications signal{s} to the defined dynamic range of the ADC(s). Asa
result, it may be possible to prevent the uplink digital communications signal{s) from being
distorted by the ADC(s) regardless of actual power amplitude of the uplink RF communications
signal{s).

[8026]  In examples discussed herein, the server apparatus is configured to determineg a
common gain value for the VGA(s) in the wireless transeeiver node(s} located i the coverage
cell to prevent the ADC(s) in the wircless transceiver node(s) from distorting the uplink digital
communications signal{s). In this regard, a selected wireless transceiver node(s) in a selected
coverage cell 15 configured to receive an RF test signal(s) from a second selected wireless
transceiver node(s) i a second selected coverage cell {e.g., a neighboning coverage celly. The
selected wireless transceiver node(s) determines a predefined characteristic of the RF test
signal{s}. Accordimgly, the selected wireless transceiver node(s) determines an effective gamn
value that falls within an effective gain range{(s) of the VGA(s) based on the predefined
characteristic of the RF test signal{s}. The selected wireless transceiver node(s) comnmunicates
the effective gamn value, together with other related parameters, such as the effective gam
range(s), 1o the server apparatus. The server apparatos is configured to determine a common
gain value for the selected wireless transceiver node{s) located in the selected coverage cell
based on the parameters reported by the selected wireless transceiver node{s) and communicate
the common gain value 1o the selected wireless transceiver node(s) in the selected coverage
cell.  Accordingly, the selected wireless transceiver node(s) in the selected coverage cell
configures the VGA(s) to operaie based on the common gain value deternmined by the server
apparatus. By determining a respective comumon gain value for cach of the coverage cells in
the distrtbuted RAN, it may be possible for all the wireless transceiver nodes in the distributed
RAN to communicate the uplink digital communications signal{s) without causing distortion
m the uplink digital communications signal(s), thus helping o improve performance and user
experience in the distributed RAN,

{80627} FI¢, 2 illustrates exemplary details of an evolved packet core (EPC} and Evolved

Universal Mobhile Telecommunications System (UMTS) Terrestrial Radio Access Network (E-
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UTRAN) arranged under LTE (Long Term Evolution) for the mobile telecommunications
environment 1o FIG. 1. Common clements between FIGS. 1 and 2 are shown therein with
common glement numbers and will not be re-described hergin

{68628} Along with macrocels 1682(13-182(M}, the small cell RAN 184 forms an access
network (1.¢., an E-UTRAN) under 3GPP as represented by reference numeral 200 1n FiG, 2.
As shown in FIG, 2, there 1s no centralized controller in the E-UTRAN 288, hence an LTE
network architecture is commonly said to be “flat” Macrocels 182(1)-102(M) are typically
mterconnected using an X2 interface 202, The shared spectrum cell 193 may or mayv not be
mterconnected to the macroceils 192(1)-102(M) through the X2 wnterface 202. The macrocells
102¢1)-102(M} and the shared spectrum cell 103 are also typically connected to the EPC
network 128 by means of an 51 interface 284, More particularly, the macrocells 162¢1)-
162{M} and the shared spectrum cell 103 are connected to a Mobility Management Entity
{(MMIE)} 285 n the EPC network 120 using an ST-MME mterface 206, and o a Serving
QGateway (S-GW) 208 using an S1-U mterface 218, An 55/88 interface 212 couples the §-GW
208 to a Packet Data Network Gateway (P-GW) 214 1n the EPC network 128 to provide the
user mobile communications device 108 with connectivity to the Intermet 124, A user mobile
communications device 108 can connect to the wireless transceiver nodes 112¢13-112(C) in the
small cell RAN 104 over an LTE-Uu interface 216,

{6029} The S1-MME mnterface 206 is also connected to the MME 205 and S-GW 208 in
the EPC network 120 using the appropriate S1 interface 204 connections. Accordingly, as each
of the wireless transceiver nodes 112(13-112(C) in the small cell RAN 184 15 operatively
coupled to the services node 114 over the LAN connection 116, the communications
connections from the wireless transceiver nodes 112(3)-112{C) arc aggregated to the EPC
network 1288, Such aggregation preserves the flat characteristics of the LTE network while
reducing the mumber of S§1 interface 204 connections that would otherwise be presented to the
EPC network 126, Thus, the small cell RAN 104 cssentially appears as a single eNB 218 to
the EPC network 120, as shown.

{80306  The small cell RAN 184 can be reconfigured according to an embodiment of the
present disclosure to form a distributed RAN to support coordinated amplifier gain
optimization. In this regard, FIG. 3 is a schematic diagram of an exemplary distributed
RAN 386 configured according to an embodiment of the present disclosure to support

coordinated amplifier gain optimization.
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{0031} The distributed RAN 300 includes a server apparatus 302, In an operation
mode, in which the distributed RAN 308 is configured to provide normal communications
services in a plurality of coverage cells 306(1)-306(M), the server apparatus 362 is
configured to communicate a plurality of downlink digital communications signals
3048{(13-364D(M} and a plurality of uplink digital commumications signals 364U{1)-
384U(M) with the coverage cells 386{1)-306{M} over a communication medium 308,
Fach of'the coverage cells 306(1)-306(M) includes one or more wireless transceiver nodes
318(1)3-316{(M) (denoted as “LPR” in FIG. 3), wherein N may be the same or different
between the coverage cells 306{1}-306("). The wircless transcetver nodes 310(13-318(M)
i the coverage cells 306(13-386(M) arc configured o receive and convert the downlink
digital communications signals 304D{(1)-304D0M) into a plurality of downlink RF
commumnications signals 312D{1}-312D(M} for distribution n the coverage cells 306(1)-
306("). The wireless transceiver nodes 310¢13-310(N) m the coverage cells 306(1)-
386(M) arc also configured to receive a plurality of uplink RY communications signals
S12U(1-312U(M) in the coverage cells 306{1)3-366(M) and convert the uplink RF
communications signals 312U(1)-312U{M) into the uplink digital commumications signals
384U(13-384U(RY) for communication to the server apparatus 362,

[6032] To help understand operations in the wireless transceiver nodes 310(1)-310(N),
an exemplary wireless transceiver node is now discussed. In this regard, FIG. 419 a
schematic diagram of an exemplary wireless transceiver node 408, which can be provided
inn the distributed RAN 308 of FIG. 3 as any of the wireless transceiver nodes 318(1)-
310(MN) 1n any of the coverage cells 306(1)-306(M). Common clements between FIGS, 3
and 4 are shown therein with common element numbers and will not be re-deseribed herein.
[80633] The wireless transceiver node 400 includes a communication interface 402 coupled
to the communication medium 308 to receive a downlink digital comnmunications signal 3041,
which can be any of the downlink digital coromunications signals 304D{1)-304B(M) 1 FIG.
3, and commumnicate an uplink digital commaunications signal 384U, which can be any of the
uptink digital communications signal 304U(13-304U(M) in FIG, 3. The wireless transceiver
node 400 meludes a receive circutt 404R coupled between the communication intertace 402
and an antenna(s) 406. The receive circuit 404R 15 configured to recetve an uplink RF
communications signal 312U, which can be any of the aplink RF communications signals

312U -312UM) i FIG, 3, via the antenna{s) 486, The wirgless transceiver node 444 also
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mcludes a transmit circuit 4047 coupled between the communication interface 402 and the
antenna(s) 406. The transmit circuit 464 T 15 configured to receive and convert the downlimk
digital communications signal 384D into a downlink RF communications signal 312, which
can be any of the downlink RF communications signals 312D(13-312B{(M) 1z FIG, 3, for
distribution via the antenna(s) 406,

[603:34] The receive circuit 404R includes a bandpass filter 408 (denoted as “BPFF™)
configured to pass the uplink RF communications signal 312U in a selected receive band, while
rejecting the uplink RF communications signal 312U outside the selected receive band. The
receive circuit 404R includes a low-noise amphfier (LNA} 416 contigured 1o amplify the
uplink RF communications signal 312U to a receive power Pr. The receive circuit 404R
mchides a frequency converter 412 configured to convert the uplink RF communications signal
312U from the selected reoceive band to a selected intermediate froquency (IF) band based on a
tocal oscillation (LO) frequency fi. The receive circuit 404R includes a second bandpass filter
414 (denoted as “BPF”} configured to pass the uphink RF communications signal 3121 in the
selected IF band, while rejecting the uphink RF communications signal 312U outside the
selected IF band. The reccive circuit 484R includes a variable gain amplifier (VGA) 416
configured to adjust the uplink RF commumications signal 312U from the receive power Prto
an ¢ffective power Pe. The receive circuit 484 R inchudes an analog-to-digital converter (ADC)
418 configured to convert the uplink RF comumunications signal 312U into the uplink digital
communications signal 384U, The receive circuit 464 R may include an in-phase ([)/quadrature
() (1/Q) demodulator 428 {(denoted as “IQ7) configured to demodulate the aplink digital
commumnications signal 304U into an uplink digital in-phase communications signal 304U-1
and an uplink digital quadrature comupnications signal 403U-(.

{8635} Notably, the ADC 418 13 configured to convert the uplink RF communications
signal 312U mnto the uplink digital commumications signal 384U by sampling and
digitizing time-vartant power amplitudes of the uplink RF communications signal 312U at
a predefined sampling rate. The ADC 418 may include a binary register(s) for storing
digitized power amplitudes of the uplink RF commumications signal 312U, Given that the
binary register{s) can only storc a limited number of binary bits, the ADC 418 is only
capable of converting the uplink RF communications signal 312U up to a maximum level
of the effective power P. without causing amplitude clipping in the uplink digital
communications signal 3841 In this regard, the ADC 418 imposes an upper power

amplitude boundary on the uplink RF communications signal 312U,
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{6636} Understandably, the receive circuit 404R can create inherent noises that may
cause an elevated noise floor. In this regard, for the ADC 418 1o be able to sample and
conrvert the uplink RE communications signal 312U, the effective power Pe of the uplink
RF communications signal 312U must be above the noise floor of the receive circuit 404 8.
In this regard, the ADC 418 imposes a lower power amplitude boundary on the uphink RF
communications signal 312U, Collectively, the upper power amplitude boundary and the
lower power amplitude boundary define a dynamic range in decibel (dB) of the ADC 418,
16637} The uphink RE communications signal 312U may correspond 1o a large peak-
to-average ratio (PAR), especially when the uplink RF commumications signal 312U is
modulated with a higher modulation bandwidth (e.g., > 50 MHlz) in such RAN as E-
UTRAN. As such, it may be necessary to adjust the effoctive power Pe of the uplink RF
cormmunications signal 312U to within the dynamic range of the ADC 418 prior to converting
the uplink RF communications signal 312U to the uplink digital communications signal 3041,
regardless of the receive power Pr of the uplink RF communications signal 312U,

{6038] In this regard, the VGA 416 is configured to adjust the uplink RF communications
signal 312U to the effective power P, that falls within the dynamic range of the ADC 418,
regardless of the receive power Pr of the uplink RF commumications signal 3128, Notably,
the VGA 416 is configured to adjust the uplink RF communications signal 312U from the
receive power Py to the effective power Pe based on an effective gain value of (P, = <P}
In this regard, it may be desired to configure the VGA 416 to operate based on the effective
gain value ¢ at an appropriate value that falls within an effective gain range [o™ min, 6T max]
of the VGA 416 and to ensure that the effective power Pe of the uplink RF communications
signal 312U talis within the dynamic range of the ADC 418,

106639} With reference back to FIG. 3, the server apparatus 302 includes a server
communication interface 314 coupled to the wircless transcetver nodes 318(1}3-318(N) 1n cach
of'the coverage cells 306(1)-306(M) via the communication medium 308, The server apparatus
342 includes a baseband unit (BBU} 316, which 18 communicatively coupled to a core network
{e.g., EPCor E-UTRAN) 318. The BBU 316 may be configured to function as a services node,
such as the services node 114 1 FIG, 2, for the distributed RAN 368 The server apparatus
362 further includes a digital routing unit {DRUY 328 communicatively coupled to the server
communication interface 314 and the BBU 316, Heremafter, a first entity and a second entity
are comnmmicatively coupled to each other when a direct or an mmdirect connection exists

between the first entity and the second entity. The DRU 328 is configured to receive the uphink
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digital communications signals 364U(1)-364U(M) via the server communication inderface 314
and generate an uplink compostie digital communications signal 322U consisting of the uplink
digital communications signals 364U{(1)-304U{(M}. The BBU 316 is configured to generate an
pplink digital baseband communications signal 324U based on the uplink composite digital
cormmunications signal 322U and communicate the uphink digital baseband communications
signal 324U to the core network 318, In a non-himiting example, the uplink digital baseband
commumications signal 324U can be encoded based on such digital bascband communication
standards as common public radio mterface (CPRI).

[0040] The BBU 31615 configured to receive a downhink digital baseband communications
signal 324D, which may also be encoded based on the CPRI standard, from the core network
318 The BBU 316 is configured to generate and provide a downhink composite digital
communications signal 3220 to the DRU 328, The DRU 328 is configured to convert the
downlink composite digital communications signal 322D o the downlink digital
commumnications signals 304D(1}-304D(M} for distribution via the server communication
mterface 314

0041} The server apparatus 302 includes a control civeuit 326, which can be a
microprocessor, a microcontroller, or a field-programmable gate array (FPGA), for example.
The control circuit 326 may be provided as a standalone control cireuit or integrated with the
BBU 316, The control circuit 326 may be conununicatively coupled to the server
communication interface 314 and/or the BBU 316. In a non-limiting example, the distributed
RAN 368 may be configured to operate as a self-optimizing network {(§ON) in accordance to
a new RAN architecture as defined by 3GPP. In this regard, the control circuit 326 may
function as a brain of the distributcd RAN 380 to optimize the wircless transceiver nodes
316(1)-316(N} in cach of the coverage cells 306(1)-3086{M), including but not himited to
determining the desirable effective gain value @ for each of the wireless transceiver nodes
316(13-310(N).

(042} As previously discussed in FIG. 4, the effective gain value o is so determined for
the VGA 416 to cause the effective power P of the uplink RF commanications signal 312U 1o
fall within the dynamic range of the ADC 418, In this regard. for the control circuit 326 to
determine the effective gain value & for any of the wircless transceiver nodes 31H{1)-313(N)
i any of the coverage cells 306(1 3-306( M), the control circuit 326 needs to know the dynamic
range of the ADC 418, the effective power Pe of the uplink RF commumications signal 312U,

and the effective gain range [T pin, 0 max] of the VGA 416 of the wircless transceiver node.
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{0043]  Given that the dvnamic range of the ADC 418 and the effective gain range [0 mia,
ayc] of the VGA 416 can be static and pre-configured, it may be possible to pre-store these
parameters in the server apparatus 302, In contrast, the effective power Pe of the uplink RF
communications signal 312U is time-vaniant. As such, the control circuit 326 nceds to
determine the cftective power Pe of the uplink RF communications signal 312U as outputted
by the VGA 416.

[(6044] i the control circuit 326 is able to receive the uplink digital in-phase
communications signal 304U- and the uplink digital guadrature communications signal 483U
{3 directly from each of the wireless transceiver nodes 318{1)-318(N} m cach of the coverage
cells 306(1)-306(M), the control circuit 326 may estimate the effective power Pe of the uphink
RF communications signal 312U based on in-phase power amplitude [ of the uplink digital in-
phase communications signal 304U-1 and quadrature power amplitude Q of the uphnk digital
quadrature communications signal 34U-Q (P, =1’ + Q%. However, since the DRU 320
combines all of the uplink digital communications signals 334U(1}-304U(M} 1nto the uplink
composite digital communications signal 322U, 1t may become difficelt for the control circut
326 to determine the effective power P for cach of the wireless transceiver nodes 316(1)-
316(N}Y in cach of the coverage cells 306(13-306(M) based on the uplink composite digital
communications signal 3221,

[B045] In this regard, according to embodiments discussed below, the distributed RAN 360
can be contigured to support coordinated amplifier gain optimization without changing existing
topology and/or affecting normal operation of the distribated RAN 308, According to an
embodiment of the present disclosure, the control circuit 326 can be configured to estimate a
number of common gain valucs gi-am for the coverage cells 306(1)-306{M), respectively. In
this regard, a respective VGA 416 in each of the wireless transceiver nodes J10{1)-318(N)
located in a given coverage cell is configured to have the same common gain value. For
example, the respective YGA 416 in cach of the wircless transceiver nodes 316(1)-316(N) in
the coverage cell 3086(1) will be operating based on the common gain value . Accordingly,
the control circait 326 determines the common gaim value o to ensure that the respective VGA
416 in cach of the wireless transceiver nodes 310{1}-313{N) in the coverage cell 386{1} can
adjust the uplink RF communications signal 312U(1} to a respective cffective power P that

falls with a respective dynamic range of the respective ADC 418
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{0046} The control circuit 326 can be configured to determine the common gain values o~
am for the coverage cells 306{1}-306(M} by switching the distributed RAN 3068 to a
maintenance mode, in which the distributed RAN 300 is taken offline from normal
communication scrvice to carry out calibration, testing, and/or maintenance tasks. In a non-
hmiting example, the distributed RAN 388 can be configured to operate in the maintenance
mode after initial deployment and/or during off-peak hours {¢.g., nights or weekends).

{6647 After switching the distributed RAN 306 to the maintonance mode, the control
circuit 326 can be configured to cause the wireless fransceiver nodes 318{1)-318(N} m one of
the coverage cells 306(1}1-306(M), for example the coverage cell 386(1), to transmut at least
ong RF test signal 328, while causing the wircless transceiver nodes 313{1}-313(N} in all other
coverage cells, for example the coverage celis 306(23-386(M), to simultancously receive the
RF test signal 328. After a predefined reception duration (¢.g., 10 milliseconds), the control
circuit 326 can cause the wireless transcetver nodes 316(1)-318(N} in another one of the
coverage cells 306(1)-306(M}, for example the coverage coll 306{2}, to transmit the RF test
signaj 328, while causing the wireless transceiver nodes 310¢1)-316(N) in all other coverage
cells, for example the coverage cells 306(1) and 386(3}-306(M), to sinultancously receive the
RF test signal 328. The control circuit 326 can be configured to repeat the rotation until the
wireless transceiver nodes 310(1)-310(N) in cach of the coverage cells 366(1}-306(M) have
the chance to transmut the RF test signal 328,

{0048] Upon receiving the RF test signal 328, each of the wircless transceiver nodes
318(1-31(N) 10 any one of the coverage cells 306{1}-386(M) 1s configured to process the RF
test signal 328 as described below with reference to the wireless transceiver node 400 of FIG.
4. With reference back to FiG. 4, the receive circuit 404R receives the RF test signal 328 via
the antennafs) 486. The receive circuit 484R may receive the RF test signal 328 in the selected
receive band of the uplink RF communications signal 312U,

[0049] The bandpass filter 408 is configured to pass the RF test signal 328 1n the selected
recetve band, while rejecting the RF test signal 328 outside the selected receive band. The
LNA 410 is configured to amphfy the RF test signal 328 to the receive power Pr. The
frequency converter 412 is configured to convert the RF test signal 328 from the selected
receive band to the selected IF band based on the LO frequency f1. The second bandpass filter
414 13 configured to pass the RF test signal 328 in the selected IF band, while rejecting the RF
test signal 328 outside the selected IF band. The VGA 416 1s configured to adjust the R¥ test
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signal 328 from the receive power Py to the eftective power Pe. The ADC 418 is configured to
convert the RF test signal 328 into a digital test signal 422, The IQ demodulator 428 is
configured to demodidate the digital test signal 422 into a digital in-phase test signal 4221 and
a digital quadrature test signal 4224 The receive circuit 484R 1s configured to communicate
the digital test signal 422 to the server apparatus 302 of FIG. 3 via the communication interface
402

[6050] The wireless transceiver node 408 includes a controller 424, which can be a
microprocessor or a Ficld Progranmmable Gate Array (FPGA), for example. The controller 424
18 communicatively coupled to the communication interface 402, the receive circnit 404 R, and
the transmit circuit 4047, The controller 424 is configured to receive the RF test signal 328
from the receive circoit 404R and process the RF test signal 328 to determing a predefined
characteristic of the RF test signal 328. In a non-limiting example, the predefined characteristic
of the RF test signal 328 can nclude such charactenistics as signal-to-noise ratio (SNR), noise
floor, peak-to-average ratic (PAR), and so on. Based on the predefined characteristic, the
controller 424 determines the effective gain value o that falls with the effective gain range
[ min, @ mad] of the VGA 416, Accordingly, the VGA 416 adjusts the RF test signal 328
from the receive power Pe to the effective power P that falls within the dynamic range of the
ADC 418

{0051 The controller 424 is configured to generate a gain descriptor and communicate the
gain descriptor to the server apparatus 382 of FIG. 3 via the communication interface 462, In
anon-limiting example, the gain descriptor includes the effective gain value &% as well as the
effective gain range {6 min, ¢ max] of the VGA 416.

[06652] With reforence back to FIG, 3, during the predefined reception duration, the server
apparatus 302 receives a respective gain descriptor from each of the wireless transceiver nodes
316(13-3106(N} 1n any of the coverage cells 306(1)-306(M}, except for the coverage cell
configured to transmit the RF test signal 328. In this regard, the server apparatus 302 may
receive N gain descriptors from the wircless transceiver nodes 316(1)-316(N) in any selected
coverage cell, for example the coverage cell 306(1), among the coverage cells 306(1)-306(0M).
Notably, the N gain descriptors can include N effective gain values o and N effective gamn
ranges [0 am, 0 madi {1 <1 < N) that correspond to the wireless transceiver nodes 316(1)-
31G(N), respectively. Accordingly, the control circuit 326 can determine the common gam
value @ for the VGA 416 in each of the wireless transceiver nodes 316{(1)-310() in the sclected

coverage cell based on the N gain descriptors.
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{0053} In one non-limiting example, the control circuit 326 can determine the comunon
gain value ¢ based on a least square algorithm with an inequality constraint, as expressed in

cquation below.

AX

v
minimize 2 abs{o - o2

i=1

HEEREY In the above equation, the nequality constraint is defined by a largest munimum
effective gain value €% in-mas aniong minimum effective gain values [0l (1 <1 <N) and
a smallest maxinum effective gain value 6 pmacmin among maximum effective gain values
[ max]i (1 <1 <N)in the N effective gain ranges [0 min, 0 max]i (1 <1 <N). In this regard,
to satisfy the mequality constraint {ominmas, 0T max-min}, the common gain value o needs to
be greater than or equal to the largest minimum effective gain value @ win.wmax and less than or
equal to the smallest maximum effective gain value 0™ pax-min. Based on the equation above
with the mequality constraint, the common gamn value o can be determined based on the

equation below.

1 N
& = {E\}“ 2 C(i"“f] {rxet‘min—max. ae“rrsax»rnmf:
. je==1

{B0S5] In another non-limiting example, the control circuit 326 can determine the commmon

gain value o based on a mean absolute deviation algorithm, as expressed in equation below,

N
minimize Z abs{e - aeff)
i=1

HEIRSY! Accordingly, the common gain value ¢ can be determined based on the equation

below.
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[0057]  To satisfy the inequality constraint [ gin-mac, @M mar-min], the common gain value
a needs to be greater than or equal to the largest minimum effective gain value e nin-max and
less than or equal to the smallest maximum effective gain value ¢ mav-min.

{B0358] In another non-limiting example, the control circuit 326 can determine the common

gain value o based on a weighted least square algorithm, as expressed in the equation below.
lr\f
minimize Z wi* abs{o - auef)2
i=1

[6059] In the equation above, w; (1 <1 <N) represents a respective fractional weight factor
{0 < w; < 1) assigned to the wircless transceiver nodes 310{13-31N), respectively. The
fractional weight factor wi may be assigned to the wireless transceiver nodes 310{1)-316(N)
based on such factors as mstallation location, surrounding environment, coverage cell size, user
density, throughput requirement, and so on.

{0060} Upon determining the conmmaon gain value g, the control circunit 326 communicates
the common gain value a to the wireless transceiver nodes 310(1)-316(N) in the selected
coverage cell via the server communication interface 314, In a non-limiting example, the
control circuit 326 can communicate the common gan value o to the wireless transceiver nodes
318(13-310(N) via a dedicated management/control link or a shared data link m the
communication medium 308,

0061 ] With reference back to FIG. 4, the controller 424 receives the common gain value
g via the communication interface 482 and applics the common gam value a to the VGA 416.
In this regard, when the distributed RAN 300 of FIG. 3 remains in the maintenance mode, the
VGA 416 will adjust the RFE test signal 328 from the receive power Pr to the effective power
P, based on the common gain value . When the distnibuted RAN 306 s switched back to the
operation rode, the VGA 416 will adjust the uplink RF communications signal 312U from the
receive power P to the effective power Pe based on the common gain value a.

{6662} With reference back to FEG. 3 once again, in a non-limiting example, during the
predefined reception duration, the wireless transceiver nodes J1G{1}-310(N) in a first selected
coverage cell, for example the coverage cell 306(1), arc transpuitting the RF test signal 328,
while the wireless transceiver nodes 318{1)-318(IN} in a second selected coverage cell, for

example the coverage cell 386(2}, arc receiving simultaneously the RF test signal 328, In this
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regard, cach of the wireless transceiver nodes 310{1)-310(IN} in the sccond selected coverage
cell 306(2) receives concurrently the RF test signal 328 transmitted from all of the wireless
transceiver nodes 318(13-310(N} in the first selected coverage cell 306(1). In this regard, the
RF test signal 328 received by each of the wireless transceiver nodes J18(13-318(N} in the
second sclected coverage cell 306{2) corresponds 1o a total power of the RF test signal 328
transmitted by all of the wircless transcetver nodes 3101 )-310(N} in the first selected coverage
cell 386(1). Accordingly, the control circuit 326 can estimate the total power recetved by each
of the wireless transceiver nodes 310(1)-3106(N} in the second sclected coverage cell 306(2)
from all of the wireless transceiver nodes 318(13-316{(N} in the first selecied coverage cell
306(1) based on the digital in-phase test signal 4228 and the digital quadrature test signal 42243,
as illustrated in FIG. 4, received from cach of the wircless transceiver nodes 318(1-318(N) in
the second sclected coverage cell 306(2).

(063} By being able to estimate the total power received by ecach of the wircless
transceiver nodes 318(13-318(N) in the second selected coverage cell 306(2) from all of the
wireless transceiver nodes 311)-318(N} in the first selected coverage cell 366(1), the control
circutt 326 can help populate a neighbor relation table (NRT) in all of the wireless transceiver
nodes 310(1}-318(N) i the first selected coverage cell 306(1). In a non-limiting example, the
NRT can include a predefined transmut power with respect to the second selected coverage cell
306(2). Accordingly, cach of the wircless transceiver nodes 310(1)-316(IN} in the first selected
coverage cell 366{1) can reineve the predetined transmit power from the NRT when
transmitting the downlink RF communications signal 312D, as illustrated 1n FIG. 4, based on
the predefined transmit power when the distributed RAN 380 is switched back to the operation
mode.

{06664} The distributed RAN 300 may be configured to support coordinated amplifier gain
optimization based on a process. In this regard, FIG. 8 is a flowchart of an exemplary process
500 than can be eraployed to support coordinated amplifier gain optimization in the distributed
RAN 380 of FIG. 3.

[30365] According to the process SO0, the wireless transceiver nodes 310(13-310(N} in a
selected coverage cell among the coverage cells 306(1)-306{M). for example the coverage cell
3061}, arc configured to cach reccive the RF test signal 328 transmitted by the wireless
transceiver nodes 318(13-318(N} trom a second selected coverage cell among the coverage
cells 306(1)-306(M), for example the coverage cell 306{2) (block 502). The controller 424 1n

cach of the wireless transceiver nodes 3161 3-310¢(M} in the selected coverage cell is configured
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to determine the predefined characteristic of the RF test signal 328 (block 584). The controller
424 n each of the wireless transceiver nodes 318(1)-318(N) n the selected coverage cell is
also configured to determine the effective gaim value & for the VGA 416 in each of the
wirgless transceiver nodes 316(13-318(N} in the selected coverage cell based oun a predefined
charactenistic (block 806). Accordingly, the receive circuit 404R in cach of the wireless
transceiver nodes 310(13-318{(N} in the selected coverage cell converts the RF test signal 328
to the digital test signal 422 based on the effective gain value o (block 508). Subsequently,
cach of the wueless transceiver nodes 310{1)-313(N} in the selected coverage cell
communicates the effective gain value o™ to the server apparatus 382, The server apparatus
302, in turn, determines the common gaim value g for the wircless transceiver nodes 318(1)-
31B(N} in the selected coverage cell (block 518}, The server apparatus 382 then communicates
the common gain value o to the wircless transceiver nodes 310(1)-31G(N) in the sclected
coverage coll (block 512). Accordingly, cach of the wireless transceiver nodes 318(1)-316(N)
in the selected coverage cell can convert the RE test signal 328 to the digital test signal 422
based on the comumon gain value o in the maintenance mode. Furthermore, in the operation
mode, cach of the wireless transceiver nodes 316(1)-318(N} n the selected coverage cell is
configired to convert the oplink RF communications signal 312U to the uplink digital
communications signal 304U based on the comumon gain value a.

{8066} With reference back to FIG. 3 again, in a non-limiting example, the conununication
medium 308 can be an optical fiber-based commumnication mediim 3080, In thus regard, the
server communication interface 314 may melude an electrical-to-optical (E/Q) converter{s) 330
for converting the downlink digital communications signals 384 13(1 )-304D(M} mto a phurality
of downlink optical digital conumunications signals 3040131 )-3040D(M) for coramunication
to the coverage cells 306(1)-306(M) over the optical fiber-based communication medium
3080. The server communication mterface 314 may also include an optical-to-electrical (G/E)
converter(s) 332 for converting a phurality of uplink optical digital communications signals
3040U(1)-3040U(M) received over the optical fiber-based communication medium 3880
into the uphink digital communications signals 304U(1)-304 U{RM).

[6067] With reference to FIG, 4, the communication interface 402 may mehude an O/E
converter 426 for converting a respective downdink optical digital convmunications signal
among the downlink optical digital commumications signals 3040D{1)-3040D(M) nto a
respective  downlink  digital commumications signal among the downlink digital

communications signals 304D{1)-3043(M}. The communication interface 482 may also
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mclude an E/Q converter 428 for converting a respective uplink digital communications signal
among the uplink digital commumnications signals 304U{1}-304U(M)} mto a respective
aplink optical digital communications signal among the uplink optical digital communications
signals 3040U(13-3840U(M)to be provided to the server apparatus 302,

[0068] FiG. 6 15 a schematic diagram of an exemplary computer system 684 that can be
mmplemented in the server apparatus 302 in the distributed RAN of FIG. 3 as the control circuit
326 and/or in the wircless transceiver node 400 of FI4. 4 as the controller 424 to support
coordinated amplifier gain optimization in the distabuted RAN 300 of FIG. 3. The computer
system 600 mncludes a controller/processor 602 that tyvpically handles high level processing
tasks. The controller/processor 682 may include one or more sub-processors 604{1 1-634(M) or
cores that are configured to handlc specific tasks or functions. An RF processor 606 implemenis
various signal processing functions for the downlink including the lower level L1 processing.
The RF processor 606 may include one or more sub-processors 608(1}-608(R) or cores that are
configured to handle specific tasks or functions. A memory 618 is a computer-readable
mediom that stores computer-readable code 612 that is executable by one or more processors
meluding the controller/processor 602 and/or the RF processor 636, The memory 610 may also
mclude various data sources and data sinks (collectively represented by clement 614) that may
provide additional fenctionalities.

{0069 The code 612 n typical deployments is arranged to be executed by the one or more
processors to facilitate the discovery ot a neighbor radio access system or cells reporting to a
serving RAN. The code 612 additionally enables tmplementation of both the dedicated PCI
identity and common PCI identity using the same hardware infrastructure in a given dual
wdentity cell when executed. The hardware infrastruciure may also include various interfaces
{§/Fs} including a communication I/F 616 which may be used, for exampie, to implement a link
to the server commmunication mterface 314 (FIG. 3), the communication interface 402 (FIG.
43, LAN, orto an extemal processor, control, or data source. In some cases, a user I/F 618 may
be utilized to provide various indications such as power status ot to enable some local control
of features or settings. It is noted that the block diagram 608 may also be substantially
applicable to the server apparatus 302 of FIG. 3 and/or the wircless transceiver node 468 of
FiG. 4. More particularly, the RF processor 606 may be climinated in some applications and
any functionality that it provides that 1s needed to mmplement the server apparatus 302 and/or

the wircless transceiver node 480 may be provided by the controller/processor 682,
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{6674} While the computer-readable medium is shown n an exemplary embodiment to be
a single medium, the term “computer-readable medium” should be taken to include a single
medium or multiple media (¢.g., a centralized or distributed database, and/or associated caches
and servers) that store the onc or more sets of instructions. The term “computer-readable
medium” shall also be taken to include any medium that is capable of storing, encoding, or
carrving a set of mstructions for execution by the processing device and that cavse the
processing device to perform any one or more of the methodologics of the crabodiments
disclosed herein. The term “computer-readable medium” shall accordingly be taken to include,
but not be limited to, solid-state memories, optical medium, and magnetic medium,

{6671} The embodiments disclosed herein include various steps.  The steps of the
cmbodiments disclosed herein may be formed by hardware components or may be embodied
m machine-gxecutable mstructions, which may be used o cause a general-purpose or special-
purpose processor programmed with the instructions to perform the steps. Alternatively, the
steps may be performed by a combination of hardware and software.

{8672} The embodiments disclosed heremn may be provided as a computer program
product, or software, that may include a machine-readable medium {or computer-readable
medium} having stored thereon instructions, which may be used to program a computer system
{or other electronic devices) to perform a process according to the embodiments disclosed
herein. A machine-readable medinm includes any mechanism for storing or transmitting
mformation in a form readable by a machine (e.g.. a computer). For example, a machine-
readable medium includes: a machine-readable storage medium (e.g., ROM, random access
memory { "RAM™), a magnetic disk storage medium, an optical storage medium, flash memory
devices, ote.); and the hke.

[8673] Unless specifically stated otherwise and as apparent from the previous discussion,
it is appreciated that throughout the description, discussions utilizing terms such as

LN

“processing,” “computing,” “determining,” “displaying,” or the hike, refer to the action and
processes of a computer system, or stmilar electronic computing device, that manipulates and
transforms data and memories represented as physical {(electronic} quantities within the
computer system’s registers into other data similarly represented as physical quantities within
the computer system memories or registers or other such information storage, transmission, or

display devices.

3
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10074} The algorithos and displays presented herein are not inherently related to any
particular computer or other apparatus. Various systems may be used with programs in
accordance with the teachings herein, or it may prove convenient to construct more specialized
apparatuses to perform the required method steps. The required structure for a variety of these
systems will appear from the description above. In addition, the embodiments described hercin
are not described with reference to any particular programming language. It will be appreciated
that a variety of programming languages mayv be used to implement the ieachings of the
embodiments as described herein.

18075} Those of skill mn the art will further appreciate that the vanous llustrative logical
blocks, modules, circuits, and algonthms described 1 connection with the embodiments
disclosed herein may be implemented as electronic hardware, instructions stored in memory or
in another computer-readable medium and executed by a processor or other processing device,
or combinations of both. The components of the distributed antenna systems described herein
may be employed in any circuit, hardware component, integrated circait (C), or IC chip, as
examples. Memory disclosed herein may be any type aod size of memory and may be
configured to store any type of mformation destred. To clearly iHlustrate this interchangeability,
various tHustrative components, blocks, modules, circuits, and steps have been descnibed above
generally i ferms of their functionalitv. How such functionality is implemented depends on
the particular application, design choices, and/or design constraints imposed on the overall
gystem. Skilled artisans may implement the described functionality in varving ways for each
particudar application, but such implementation decisions should not be mterpreted as causing
a departure from the scope of the present embodiments.

{6676] The various illustrative logical blocks, modules, and circuits described
connection with the embodiments disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuat (ASIC),
a Ficld Programmable Gate Array (FPGA), or other progranumable logic device, a discrete gate
or transistor logic, discrete hardware components, or any combination thereot designed to
perform the functions described herein.  Furthermore, a controller may be a processor. A
processor may be 3 microprocessor, but in the altemative, the processor may be any
conventional processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices {¢.g., a combination of a2 DSP and a
microprocessor, a plurality of microprocessors, one Or MOre MICIOProcessors in conjunction

with a DSP core, or any other such configuration).
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{6677) The cmbodiments disclosed hercin mav be embodied i hardware and
mstructions that are stored in hardware, and may reside, for exampie, in RAM, flash memory,
ROM, Electrically Programmable ROM (EPROM), Electrically Erasable Programmable ROM
{EEPROM), registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer-readable medium known in the art. An exemplary storage medium is coupled to the
processor such that the processor can read information from, and write information to, the
storage medium. In the alternative, the storage mediim may be ntegral to the processor. The
processor and the storage medinm may reside in an ASIC. The ASIC may reside m a remote
station. In the alternative, the processor and the storage medium may reside as discrete
components in a remote station, base station, or server.

{6678} It 15 alsc noted that the operational steps described in any of the ocxemplary
embodiments herein are described to provide examples and discussion.  The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually be
performed in a number of different steps. Additionally, one or more operational steps discussed
m the exemplary embodiments may be combined. Those of skill in the art will also understand
that information and signals may be represented using any of a vanety of technologies and
techniques. For example, data, instructions, commands, information, signals, bits, symbols,
and chips, that may be references throughout the above description, may be represented by
voltages, currents, electromagnetic waves, magnetic fields, or particles, optical fields or
particles, or any combination thereof,

[6679] Unless otherwise expressly stated, it s in no way intended that any method set forth
herein be construed as requiring that s steps be performed in a specific order. Accordingly,
where a method claim does not actually recite an order to be followed by its steps, or it is not
otherwise specifically stated m the claims or descriptions that the steps are to be limited to a
specific order, it is n no way intended that any particular order be mferred.

[3080] It will be apparent to those skilled m the art that various modifications and
variations can be made without departing from the spirit or scope of the invention. Since
modifications, combinations, sub-combinations and varnations of the disclosed embodiments
meorporating the spirit and substance of the mvention may occur to persons skilled in the art,
the invention should be construed to mclude evervthing within the scope of the appended

claims and their equivalents.

b
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What is claimed 1s:

1 A wireless transceiver node in a distributed radio access network (RAN}, comprising:
a communication interface coupled to a server apparatus via a communication medium;
a receive circuit coupled to the conununication interface, the receive cireutt configured

to recetve at least one radio frequency (RF) test signal in a selected receive band

in a maintenance mode; and

a controller communicatively coupled to the communication iterface and the receive

civcuit, the controller configured to:

recetve the at least one RF test signal from the receive circuit;

determing a predefined characteristic of the at feast one RF test signal;

deternuine an effective gain value based on the predefined characteristic;

cause the receive circuit to convert the at least one RF test signal into a digital
test signal based on the effective gain value and communicate the digital
test signal to the server apparatus via the communication interface;

communicate a gain descriptor comprising the effective gain value to the server
apparatus via the communication interface;

receive a common gain value via the communication nterface; and

causc the recetve circutt to convert the at least one RF test signal into the digital

test signal based on the common gain value.

2. The wireless transceiver node of ¢laim 1, wherein the receive circuit comprises:

a bandpass filter configured to pass the at least one RF test signal i the selected receive
band and reject the at least one RF test signal outside the selected receive band.

a low-notse amplifier (LNA) configured to amplify the at least one RF test signal to a
TECEIVE POWCT,

a frequency converter configured to convert the at Ieast one RF test signal from the
selected recetve band to a selected intermediate frequency (JF) band;

a second bandpass filter configured to pass the at least one RF test signal in the selected
IF band and reject the at feast onc RF tost signal outside the selected IF band;

a variable gain amplifier (VGA) corresponding to a mimimum effoctive gain value and
a maximum effective gain value, the VGA configured to convert the at least one

RF test signal from the receive power to an effective power; and

26
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an analog-to-digital converter (ADC) comresponding to a defined dynamic range and

configured to convert the at least one RF test signal info the digital test signal.

3. The wireless transceiver node of claim 2, wherein the receive circuit further comprises
an in-phase (I)/quadrature (Q) (I/Q) demodulator contigured to:
gencrate a digital m-phase test signal and a digital quadrature test signal based on the
digital test signal; and
provide the digital in-phase test signal and the digital quadrature test signal to the

communication uterface.

4. The wircless transcetver node of claim 2, wherein the VGA is configured to convert the
at least one RF test signal from the receive power to the effective power that falls within the

defined dynamic range of the ADC and mdependent of the receive power of the at least one

RF test signal.
5. The wireless transceiver node of claim 4, wherein the controller 1s further configured
to!

control the VGA to convert the receive power to the effective power based on the
cffective gain value greater than or equal to the mimimum effective gain value
and less than or equal to the maximum effective gam value; and

communicate the gain deseriptor further comprising the minimmum effective gain value
and the maximom effective gain value to the server apparatus via the

communication uterface.

6. The wireless transeciver node of claim 4, wherein the controller ts further configured
o
receive the common gain value between the minimum effective gain value and the
maximum effective gain value from the server apparatus via the communication
inferface; and
control the VGA to convert the recetve power to the effective power based on the

common gain value.

(S
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7. The wircless transceiver node of claim 1, wherein the receive ciromt 1s further
configured to:
receive at least one uplink RF communications signal from a coupled antenna in an
operation modge;
convert the at least one uplink RF commumnications signal into an uplink digital
communications signal; and
communicate the uplink digital communications signal to the server apparatus via the

communication mterface.

8. The wircless transceiver node of claim 7, further comprising a tfransmit circuit
configured to:
receive a downlink digital communications signal from the server apparatus via the
communication interface in the operation mode;
convert the downlink digital communications signal into at ieast one downlink RF
communications signal; and

communicate the at least one downlink RF comprunications signal via the coupled

antenna.
9, The wircless transceiver node of claim 8, wherein the controller is further configured
to:
retrieve a predefined transmit power from a neighbor relation table (NR'T); and
cause the transmit circuit to transmit the at least one downlink RF communications
signal at the predefined transmit power.
10, A server apparatus in a distributed radio access network (RAN), comprising:

a server communication miterface coupled to a plurality of wireless transceiver nodes
via a communication medium; and
a control circuit communicatively coupled to the server communication interface, the
control circuit configured to operate in a maintenance mode to:
receive ong or more digital {est signals in association with ong or more gain
descriptors from one or more selected wireless transceiver nodes among

the plurality of wircless transceiver nodes via the server communication
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mterface;
determine a common gain value for the one or more sclected wurcless
transceiver nodes based on the one or more gain descriptors; and
communicate the common gain value to the one or more sclected wireless

transceiver nodes via the server communication interface.

11.  The server apparatus of claim 10, whercin the control circuit 1s further configured to:
receive the one or more gain descriptors comprising one or more mininw effective
gain values, one or more maxmmum effective gain values, and one or more
effective gain values, respectively; and
determine the common gain value greater than or equal to each of the one or more
minimum effective gain values and fess than or equal to cach of the one or more

maximum effective gain values.

12. 'The server apparatus of claim 11, wherein the control circuit is configured to determine
the common gain value by processing the onc or more gain descriptors based on a least square

algorithm with an inequality constraint.

13, The server apparatus of claim 12, wherein the least square algorithm with the inequality
constraint is expressed as minimize Y0, abs(o - aeM)2, wherein:
N represents a count of the one or more selected wireless transceiver nodes;
o represents the common gain value for the one or more selected wireless transceiver
nodes;
o represents an effective gain value among the one or more effective gain values;
the inequality constraint is satisfied when the common gain value is greater than or
equal to a largest minimum effective gaimn valuc among the one or more
punimum effoctive gain values and less than or equal fo a smallest maximum
effective gain value among the one or more maximum effective gain values; and

. 1 -l P r.' N3 =
the conunon gain value cquals [;\; P aiﬂfJ (M min-max, o®Fmax-min].
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14. The server apparatus of claim 11, wherein the control circuit is configured to determine
the common gain value by processing the one or more gain descriptors based on a mean

absolute deviation algorithm.

15. ¢ server apparatus of claim 14, wherein the mean absclute deviation algorithm is
expressed as minimize Yo, abs{a - o), wherein:

N represeints a count of the one or more selected wireless transceiver nodes;
o represents the comumon gain value for the one or more selected wircless transceiver
nodes;
53 | PN - ffecti ain value ¢ . hie e offective i lues: and
o represents an effective gain value among the one or more effective gain values; an

the common gain value equals [median{o®®} ] e min-maz, ofmacmin] (1 <1 <N).

16.  The server apparatus of claim 11, wherein the control circuit s configured to determine
the common gain value by processing the one or more gain descriptors based on a weighted

least square algoritho,

17. The server apparatus of claim 16, wherein the weighted least square algorithm is
expressed as minimize Yo, wi * abs{a - a°)2, wherein:
N represents a count of the one or more selected wireless transceiver nodes;
o represents the common gain value for the one or more selected wireless transceiver
nodes;
o represents an effective gain value among the one or more effective gain values; and
wi represents a respective fractional weight factor assigned to cach of the one or more

sclected wireless transcetver nodes.

18. The server apparatus of claim 10, further configured to operate m an operation mode,
wherein the server apparatus further comprnses:
a baseband unit (BBU) configured to:
receive a downbink composite digital communications signal from a core
network communicatively coupled to the BBU, and

provide an uplink composite digital communications signal to the core network;

(e
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and
a digital routing unit {DRU} coupled between the BBU and the server comnmunication

interface, the DRU configured to:

receive and convert the downlink composite digital communications signal into
a plurality of downlink digital communications signals;

provide the plurality of downlink digital communications signals to the plurality
of wireless transceiver nodes via the server communication interface;

receive a plurality of uphink digital comumunications signals from the phurality
of wireless transceiver nodes via the server commumnication uterface;

convert the plurabity of uplink digital commumications signals into the uplink
composite digital communications signal; and

provide the uplink composite digital communications signal to the BBU.

19. A distributed radio aceess network (RAN), comprising:
a communication medium;
a server apparatus comprising:
a server commmunication interface coupled to the communication medium; and
a control circuit communicatively coupled to the server commumication
interface; and
a plurality of wireless transceiver nodes coupled o the server apparatus via the
communication medium, each of the plurality of wireless transceiver nodes
COMmprising:
a communication interface coupled to the communication medium;
a receive circuit coupled to the communication mterface; and
a controller communicatively coupled to the communication interface and the
receive circuit;
wherem in a maintenance mode:
one or more selected receive circuits i one or more selected wireless
transceiver nodes among the plurality of wireless transceiver nodes are
cach configured to receive at least one radio frequency (RF) test signal
in a selected recetve band;
on¢ or more controliers in the one or more selected wireless transceiver nodes

are cach configured to:

w3
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determine a predefined characteristic of the at least one RF test signal;

determine an effective gain value based on the predefined charactenistic;

cause the receive cireuit to convert the at least one RYE test signal mto a
digital test signal based on the effective gain value and
communicate the digital test signal to the server apparatus via
the commumcation mterface; and

communicate a gain descriptor comprising the effective gain value to
the server apparatus via the communication interface;

the control circuit in the server apparatus i1s configured fo:

recetve one or more digital test signals in association with one or more
gain descriptors from the one or more sclected wircless
transceiver nodes amoung the plurality of wircless transceiver
nodes via the server communication interface;

determine a common gain vahie for the one or more selected wireless
transceiver nodes based on the one or more gain descriptors; and

communicate the common gain value to the one or more selected
wireless transceiver nodes via the server commumication
wnterface; and

the one or more controllers in the one or more selected wireless transceiver

nodes are each further configured to:

receive the common gain value via the communication interface; and

cause the receive circuit to convert the at least one RF test signal into

the digital tost signal based on the common gain value.

2. The distnbuted RAN of claim 19, wherein:
the plurality of wircless transceiver nodes are organized mto a plurality of coverage
cells; and
the one or more selected wireless transceiver nodes are associated with a selected

coverage cell among the plurality of coverage cells.

21, The distributed RAN of ¢laim 20, wherein the receive circuit in cach of the one or more
selected wireless transceiver nodes s further configured to receive the at least one RF test

signal from at least one second selected wircless transceiver node among the plurality of

78
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wircless transceiver nodes, the at east one sccond sclected wireless transceiver node located

outside the selected coverage cell.

22. The distributed RAN of ¢laim 21, wherein the at least one second selected wircless
transceiver node 1s Jocated in a second selected coverage cell among the plurality of coverage

cells.

23. The distributed RAN of claim 19, wherein each of the one or more selected receive
CITCULS COmPrises:
a bandpass filter configured to pass the at least one RF test signal in the selected receive
band and reject the at least one RF test signal outside the selected receive band;
a low-noise amplifier (LNA) configured to amplify the at least one RF test signal to a
TECE1VE POWET,
a frequency converter configared to convert the at least one RF test signal from the
selected recetve band to a selected intermediate frequency (IF) band;
a second bandpass tilter configured to pass the at least one RF test signal in the selected
IF band and reject the at least one RF test signal cutside the selected IF band;
a vanable gain amplifier (VGA) corresponding to a mininmum effective gain valoe and
a maximum effective gain value, the VGA configured to convert the at least one
RY test signal from the receive power to an effective power; and
an analog-to-digital converter (ADC) corresponding to a defined dynamic range and

configured to convert the at feast one RF test signal into the digital test signal.

24. The distrbuted RAN of claim 23, wherein each of the one or more selected receive
circuits further comprises an in-phase (IY/quadrature (Q3 (I/Q) demodulator configured to:
gencrate a digital m-phase test signal and a digital quadrature test signal based on the
digital test signal; and
provide the digital in-phase test signal and the digital quadrature test signal to the

communication interface.

25. The distributed RAN of claim 23, wheremn the VGA 1s configured 1o convert the at least
one RF test signal from the rececive power to the effective power that falls within the defined

dyaamic range of the ADC and independent of the receive power of the at least one RF test
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signal.

26. The distributed RAN of claim 23, wherein each of the one or more controllers is further
configured to:
control the VGA to convert the receive power to the effective power based on the
effective gain value greater than or equal to the minimuom effective gain value
and less than or equal to the maximum effective gan value; and
communicate the gain descriptor further comprsing the nunimum effective gain value
and the maximum effective gain value to the server apparatus via the

communication interface.

27. ¢ distributed RAN of claim 25, wherein each of the one or more controllers is further
configured to:
receive the common gain value between the minimum effective gain value and the
maximum ¢ffective gain value from the server apparatus via the communication
mterface: and
control the VGA to convert the receive power to the effective power based on the

common gain value.

28. The distributed RAN of claim 19, wherein the control circuit 1s further configured to:
receive the one or more gain descriptors comprising one or more minimum effective
gain values, one or more maximum effective gain valucs, and onc or more
effective gain values, respectively: and
determine the common gain value greater than or equal to each of the one or more
minimum effective gain values and fess than or equal to cach of the one or more

maximum effective gain values.
29. The distributed RAN of claim 28, wherein the control circuit is configured to determine
the common gain value by processing the one or more gain descriptors based on a least square

algorithm with an inequality constraint.

30 The distributed RAN of claim 29, wherein the least square algorithm with the mequality

W
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constraint is expressed as minimize Y.\, abs{a - a2, wherein:

N represents a count of the one or more selected wireless transceiver nodes;

a represents the common gain valoe for the one or more selected wireless transceiver
nodes;

o™ represents an effective gain value among the one or more effective gain values;

the inequality constramnt is satisfied when the common gain value 1s greater than or
equal to largest minimuam effective gain value among the one or more mininuim
effective gain values and less than or equal to smallest maximum effective gain

valuc among the onc or more maxinunm effective gan values; and

. 1 ’ -
the common gam v alue ﬁ:quals [’;\' EIN 1 Ciieﬂ] :'Laeﬁmin»-max, rxerlmax»-minj.

3L The distributed RAN of claim 28, wherein the control ¢ircuit is configured to determing
the common gam value by processing the one or more gain descriptors based on a mean

absolute deviation algorithm.

32. The distnbuted RAN of claim 31, wherein the mean absclute deviation algorithm is
expressed as minimize Yoo, abs{a - o), wherein:
N represents a count of the one or more selected wireless transceiver nodes;
o represents the common gain value for the one or more selected wireless transceiver
nodes;
ai represents an effective gain value among the one or more effective gain values; and
the common gain value equals {median{o™} e minmax, o*fmax min] @ <1 <N).
33. The distributed RAN of claim 28, wherem the control circuit 1s configured to determine
the common gain value by processing the one or more gain descriptors based on a weighted

least square algorithm.

34 ¢ distributed RAN of claim 33, wherein the weighted least square algorithm is
expressed as minimize Yo, wi + abs{a - a°f)2, wherein:

N represeits a count of the one or more selected wireless transceiver nodes;

o represents the comumon gain value for the one or more selected wircless transceiver

nodes;

o
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a® represents an effective gain value among the one or more effective gain values; and
wi represenis a respective fractional weight factor assigned to each of the one or more

selected wireless transceiver nodes.

35 The distabuted RAN of claim 19, wherein, in an operation mode, the receive circuit in
gach of the plurality of wireless transceiver nodes is further configured to
receive at least one uplink RF communications signal from a coupled antenna:
convert the at lcast one uplink RF communications signal into an uplink digital
communications signal; and
communicate the uplink digital commuonications signal to the server apparatus via the

comimunication interface.

36 ¢ distributed RAN of claim 35, wherem each of the plurality of wireless transceiver
nodes further comprises a transmit circuat configured to:
receive a downlink digital communications signal from the server apparatus via the
communication interface m the operation mode;
convert the downlink digital commaunications signal into at least one downlink RF
comnmunications signal; and
communicate the at least one downlink RF communications signal via the coupled
antenna.
37 The distributed RAN of claim 36, wherein the controller 1n cach of the plurality of
wireless transceiver nodes is further configured to:
retrieve a predefined transmit power from a neighbor relation table (NRT); and
cause the transmit circuit to transmit the at least one downhink RF commumications
signal at the predefined transmit power.
38. The distributed RAN of claim 36, wherein the server apparatus further comprises:
a baseband unit {BBU) configured to:
receive a downlink composite digital convmunications signal from a core
network communicativelv coupled {o the BBU: and
provide an uplink composite digital communiecations signal to the core network;

and

e
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a digital routing unit (DRU) coupled between the BBU and the server communication

nterface, the DRU configured {o:

receive and convert the downlink composite digital communications signal into
a plurality of downlink digital communications signals:

provide the plurality of downlink digital coromunications signals to the plurality
of wircless transceiver nodes via the server communication inlerface;

receive a plurality of uplink digital commumications signals from the phirality
of wireless transcetver nodes via the server communication utterface;

convert the plurality of uphink digital communications signals 1nto the uplink
composite digital communications signal; and

provide the uplink composite digital communications signal to the BBU.

349, The distributed RAN of claim 38, whercn:
the communication medium comprises an optical fiber-based commumication mednim;
the server communication interface is further configured to:
convert the plurality of downlink digital communications signals mto a plorality
of downlink optical digital communications signals;
provide the plurality of downhink optical digital communications signals over
the optical fiber-based communication mediuim;
receive a plurality of uphink optical digital communications signals over the
optical fiber-based communication medium; and
convert the plurality of uplink optical digital communications signals into the
plurality of uplink digital communications signals; and
the communication nterface m each of the plurality of wireless transceiver nodes 1s
further configured to:
receive a downlink optical digital commumnications signal among the plurality
of downlmk optical digital conmmunications signals over the optical
fiber-based communication mediym;
convert the downlink optical digital communications signal into the downlink
digital communications signal;
convert the uplink digital communications signal into an uplink optical digital
commumnications signal; and

provide the uplink optical digital communications signal among the plurality of

o
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uplink optical digital communications signals over the optical fiber-

based comumunication medium.

40. A method for supporting coordinated amplificr gain optimization in a distributed radio
access network (RAN), comprising:
causing one or more selected wireless transceiver nodes in the distributed RAN to cach
receive at least one radio frequency {(RF) test signal;
determining a predefined characteristic of the at least one RF test signal in cach of the
one or more selected wireless transceiver nodes;
determining an effective gain value based on the predefined characteristic 1n cach of
the one or more sclected wircless transceiver nodes;
converting the at least one RF test signal info a digital test signal based on the ctfective
gain value in each of the one or more selected wireless transceiver nodes;
determining a common gain value for each of the ong or more selected wireless
transceiver nodes; and
communicating the common gain value to each of the one or more selected wireless

franscerver nodes.

41 The method of claim 40, further comprising;
orgamzing a plurality of wireless transceiver nodes m the distnbuted RAN mio a
plurality of coverage cells; and
associating the one or more selected wireless transceiver nodes with a selected coverage

cell among the plurality of coverage cells.

42 The method of claim 41, further comprising receiving the at least one RF test signal in
cach of the one or more sclected wircless transceiver nodes from at least one second selected
wireless transceiver node among the plurality of wireless transceiver nodes, the at least one

second selected wireless transceiver node located outside the selected coverage cell.

43. The method of claim 40, further compnsing determining the common gain value based

on a least square algorithm with an inequality constraint.

44 The method of claim 40, further comprising determining the common gain value based

W
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on a mean absolute deviation algorithm.

45. The method of claim 40, further comprising determining the common gatn value based

on a weighted least square algorithm,
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302

CAUSE ONE OR MORE SELECTED WIRELESS TRANSCEIVER NODES (310(1)-31 USN)) T0 EACH
RECEIVE AT LEAST ONE RADIO FREQUENCY (RF) TEST SIGNAL (328

v

]

504

DETERMINE A PREDEFINED CHARACTERISTIC OF THE AT LEAST ONE RF TEST SIGNAL (328) IN EACH
OF THE ONE OR MORE SELECTED WIRELESS TRANSCEIVER NODES (310(1)-310(N}))

|/

306

DETERMINE AN EFFECTIVE GAIN VALUE (cceff) BASED ON THE PREDEFINED CHARACTERISTIC IN EACH
OF THE ONE OR MORE SELECTED WIRELESS TRANSCEIVER NODES (310(1)-310{N))

v

308

CONVERT THE AT LEAST ONE RI; TEST SIGNAL {328) INTO A DIGITAL TEST SIGNAL (422) BASED ON
THE EFFECTIVE GAIN VALUE {cceff) IN EACH OF THE ONE OR MORE SELECTED WIRELESS TRANSCEIVER
NODES {310(1)-310(N})

DETERMINE A COMMON GAIN VALUE (a}(FOR EACH OF THE ONE OR MORE SELECTED WIRELESS
TRANSCEIVER NODES (310(1)-310(N))

i

COMMUNICATE THE COMMON GAIN VALUE {cx) TO EACH OF THE ONE OR MORE SELECTED
WIRELESS TRANSCEIVER NODES (310(1)-310(N))

FIG. 5
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