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DOWNLINK MULTICAST FOR EFFICIENT FRONT-HAUL UTILIZATION IN A
C-RAN

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional Patent
Application Serial No. 62/672,393, filed on May 16, 2018, and titled “DOWNLINK
MULTICAST FOR EFFICIENT FRONT-HAUL UTILIZATION IN A C-RAN”,

which is hereby incorporated herein by reference.
BACKGROUND

[0002] A centralized radio access network (C-RAN) can be used to implement base
station functionality for providing wireless service to user equipment (UE). Typically,
for each cell implemented by the C-RAN, one or more baseband units (BBUs) (also
referred to here as "baseband controllers") interact with multiple remote units (also
referred to here as "radio points" or "RPs"). Each BBU is coupled to the radio points

over front-haul communication links or a front-haul network.

[0003] Downlink user data is scheduled for wireless transmission to each UE. When a
C-RAN is used, the downlink user data can be simulcast to a set of radio points of the
C-RAN. This set of radio points is also referred to here as the "simulcast zone" for the
UE. The respective simulcast zone can vary from UE to UE. The downlink user data
for each UE must be communicated from each relevant BBU over the front-haul to

each radio point in that UE's simulcast zone.

[0004] Where a C-RAN is used to provide Long Term Evolution (LTE) wireless
service, downlink user data scheduled for wireless transmission to each UE is
communicated over the front-haul in transport blocks (TBs). The front-haul can be

implemented using a switched Ethernet network.

[0005] One way that downlink user data can be communicated to the radio points
over the front-haul is by fragmenting the TBs into a sequence of packets and
broadcasting each such packet to all of the radio points. That is, each such packet
contains an Internet Protocol (IP) destination address header indicating to the front-

haul Ethernet switches to forward each packet to all radio points of the C-RAN.



WO 2019/222416 PCT/US2019/032511

Broadcast is inefficient because all RPs receive packets containing downlink user data
for all UEs, even if a given RP is not in the simulcast zone of a given UE. That is,
each RP will receive packets containing downlink user data that the RP does not need.
This can unnecessarily increase the bandwidth requirements for front-haul Ethernet

links that terminate at the RPs and possibly for Ethernet links in nearby switches.

[0006] In one example, 20MHz LTE bandwidth requiring 200 megabits-per-second
(Mbps) of front-haul bandwidth is used for each downlink carrier. In such an
example, each RP supports 4 downlink carriers, and the C-RAN supports downlink
frequency reuse where each downlink frequency can be reused four times within the
cell. In such an example, a front-haul Ethernet bandwidth of about 4 x 4 x 200 Mbps
= 3200 Mbps is required at each RP, even though each RP will actually use at most
800 Mbps of this bandwidth. (In this example, each RP supports at most 4 downlink

carriers even if downlink reuse is being used in the cell.)

[0007] Alternatively, bandwidth requirements at the RP can be minimized by using
unicast addressing to send packets containing downlink user data to only a single
radio point. Each RP has a unique IP address. Each BBU makes copies of the
downlink user data for each UE, one for each RP in the UE's simulcast zone. The
BBU transmits each copy over the front-haul to one of the RPs in the UE's simulcast
zone using packets that are addressed to the RP's IP address. Unicast addressing
results in each RP receiving only the downlink user data it needs, but the bandwidth
requirements for the Ethernet links that originate at the BBU are increased by a factor

depending on the maximum number of RPs that can be included a simulcast zone.

[0008] In the LTE example set forth above, if unicast addressing is used and the
maximum number of RPs in a simulcast zone is 8, the front-haul bandwidth
requirement at the Ethernet link that originates at a BBU supporting one downlink
carrier is 8 x 4 x 200 Mbps = 6400 Mbps, even though the max non-redundant
bandwidth at each RP is 800 Mbps.

[0009] In comparing broadcast versus unicast for communicating downlink user data
over an Ethernet front-haul in a C-RAN, there is a tradeoff between high bandwidth

inefficiency near the RPs and high bandwidth inefficiency near the BBU.
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SUMMARY

[0010] One embodiment is directed to a system to provide wireless service. The
system comprises a controller and a plurality of radio points. Each of the radio points
is associated with at least one antenna and remotely located from the controller,
wherein the plurality of radio points is communicatively coupled to the controller over
a front haul. The controller and the plurality of radio points are configured to
implement a base station in order to provide wireless service to a plurality of user
equipment (UEs) using a cell. The controller is communicatively coupled to a core
network of a wireless service provider. The controller is configured to determine a
simulcast zone for a UE, the simulcast zone comprising a plurality of radio points
from which downlink user data is wirelessly communicated to the UE. The controller
is configured to attempt to form a multicast zone for the simulcast zone, the multicast
zone comprising a plurality of multicast groups implemented by the front haul. The
controller is configured to, if the multicast zone is successfully formed, transmit
downlink user data for the UE to the radio points in the simulcast zone over the front

haul by transmitting the downlink user data to the multicast groups.

[0011] Another embodiment is directed to a method of providing wireless service to
user equipment (UE) using a system comprising a controller and a plurality of radio
points. Each of the radio points is associated with at least one antenna and remotely
located from the controller. The plurality of radio points is communicatively coupled
to the controller over a front haul. The controller and the plurality of radio points are
configured to implement a base station in order to provide wireless service to a
plurality of user equipment (UEs) using a cell. The method comprises determining a
simulcast zone for a UE, the simulcast zone comprising a plurality of radio points
from which downlink user data is wirelessly communicated to the UE. The method
further comprises attempting to form a multicast zone for the simulcast zone, the
multicast zone comprising a plurality of multicast groups implemented by the front
haul. The method further comprises, if the multicast zone is successfully formed,
transmitting downlink user data for the UE to the radio points in the simulcast zone

over the front haul by transmitting the downlink user data to the multicast groups.
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DRAWINGS

[0012] FIGS.1A-1C are block diagrams illustrating one exemplary embodiment of a
radio access network (RAN) system in which the front-haul efficiency techniques

described here can be implemented.

[0013] FIG. 2 comprises a high-level flow chart illustrating one exemplary
embodiment of a method of using multicast for downlink front-haul communications

in a C-RAN.

[0014] FIG. 3 comprises a high-level flow chart illustrating one exemplary
embodiment of a method of using multicast for downlink front-haul communications

in a C-RAN.

[0015] FIG. 4 comprises a high-level flow chart illustrating one exemplary
embodiment of a method of updating a set of multicast groups used for forming

multicast zones.

[0016] Like reference numbers and designations in the various drawings indicate like

elements.
DETAILED DESCRIPTION

[0017] FIGS.1A-1C are block diagrams illustrating one exemplary embodiment of a
radio access network (RAN) system 100 in which the front-haul efficiency techniques
described here can be implemented. The system 100 is deployed at a site 102 to
provide wireless coverage and capacity for one or more wireless network operators.
The site 102 may be, for example, a building or campus or other grouping of
buildings (used, for example, by one or more businesses, governments, other
enterprise entities) or some other public venue (such as a hotel, resort, amusement
park, hospital, shopping center, airport, university campus, arena, or an outdoor area

such as a ski area, stadium or a densely-populated downtown area).

[0018] In the exemplary embodiment shown in FIGS. 1A-1C, the system 100 is
implemented at least in part using a C-RAN architecture that employs at least one
baseband unit 104 and multiple radio points (RPs) 106. The system 100 is also
referred to here as a "C-RAN system" 100. Each RP 106 is remotely located from the

4
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baseband unit 104. Also, in this exemplary embodiment, at least one of the RPs 106 is
remotely located from at least one other RP 106. The baseband unit 104 and RPs 106
serve at least one cell 103. The baseband units 104 are also referred to here as
"baseband controllers" 104 or just "controllers" 104. Each RP 106 includes or is
coupled to one or more antennas 108 via which downlink RF signals are radiated to
user equipment (UE) 110 and via which uplink RF signals transmitted by UEs 110 are

received.

[0019] More specifically, in the example shown in FIGS. 1A-1C, each RP 106
comprises two antennas 108. Each RP 106 can include or be coupled to a different

number of antennas 108.

[0020] The system 100 is coupled to the core network 112 of each wireless network
operator over an appropriate back-haul. In the exemplary embodiment shown in
FIGS. 1A-1C, the Internet 114 is used for back-haul between the system 100 and each
core network 112. However, it is to be understood that the back-haul can be

implemented in other ways.

[0021] The exemplary embodiment of the system 100 shown in FIGS. 1A-1C is
described here as being implemented as a Long Term Evolution (LTE) radio access
network providing wireless service using an LTE air interface. LTE is a standard
developed by 3GPP standards organization. In this embodiment, the controller 104
and RPs 106 together are used to implement an LTE Evolved Node B (also referred to
here as an "eNodeB" or "eNB") that is used to provide user equipment 110 with
mobile access to the wireless network operator's core network 112 to enable the user
equipment 110 to wirelessly communicate data and voice (using, for example, Voice

over LTE (VoLTE) technology).

[0022] Also, in this exemplary LTE embodiment, each core network 112 is
implemented as an Evolved Packet Core (EPC) 112 comprising standard LTE EPC
network elements such as, for example, a mobility management entity (MME) (not
shown) and a Serving Gateway (SGW) (not shown) and, optionally, a Home eNodeB
gateway (HeNB GW) (not shown) and a Security Gateway (SeGW) (not shown).

[0023] Moreover, in this exemplary embodiment, each controller 104 communicates

with the MME and SGW in the EPC core network 112 using the LTE S1 interface and
5
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communicates with other eNodeBs using the LTE X2 interface. For example, each
controller 104 can communicate with an outdoor macro eNodeB (not shown) (or

another controller 104 implementing a different eNodeB) via the LTE X2 interface.

[0024] Each controller 104 and the radio points 106 can be implemented so as to use
an air interface that supports one or more of frequency-division duplexing (FDD)
and/or time-division duplexing (TDD). Also, the controller 104 and the radio points
106 can be implemented to use an air interface that supports one or more of the
multiple-input-multiple-output (MIMO), single-input-single-output (SISO), single-
input-multiple-output (SIMO), multiple-input-single-output (MISO), and/or beam
forming schemes. For example, the controller 104 and the radio points 106 can
implement one or more of the LTE transmission modes. Moreover, the controller 104
and/or the radio points 106 can be configured to support multiple air interfaces and/or

to support multiple wireless operators.

[0025] In the exemplary embodiment shown in FIGS. 1A-1C, the front-haul 115 that
communicatively couples each controller 104 to the one or more RPs 106 is
implemented using a standard switched ETHERNET network 116. However, it is to
be understood that the front-haul between the controllers 104 and RPs 106 can be

implemented in other ways.

[0026] The switched Ethernet network 116 comprises one or more Ethernet switches
118. Each baseband controller 104 is communicatively coupled to one or more
switches 118 via a respective one or more Ethernet links 120 (which are also referred
to here as "baseband controller Ethernet links"). Each RP 106 is communicatively
coupled to one or more switches 118 via a respective one or more Ethernet links 124

(which are also referred to here as "RP Ethernet links").

[0027] Generally, one or more nodes in a C-RAN perform analog radio frequency
(RF) functions for the air interface as well as digital Layer 1, Layer 2, and Layer 3 (of

the Open Systems Interconnection (OSI) model) functions for the air interface.

[0028] In the exemplary embodiment shown in (L1) FIGS. 1A-1C, each baseband
controller 104 comprises Layer-1 (L 1) functionality 130, Layer-2 (L2) functionality
132, and Layer-3 (L3) functionality 134 configured to perform at least some of the

Layer-1 processing, Layer-2 processing, and Layer-3 processing, respectively, for the
6
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LTE air interface implemented by the RAN system 100. Each RP 106 includes
(optionally) Layer-1 functionality (not shown) that implements any Layer-1
processing for the air interface that is not performed in the controller 104 and one or
more radio frequency (RF) circuits (not shown) that implement the RF front-end
functions for the air interface and the one or more antennas 108 associated with that

RP 106.

[0029] Each baseband controller 104 can be configured to perform all of the digital
Layer-1, Layer-2, and Layer-3 processing for the air interface, while the RPs 106
(specifically, the RF circuits) implement only the RF functions for the air interface
and the antennas 108 associated with each RP 106. In that case, IQ data representing
time-domain symbols for the air interface is communicated between the controller
104 and the RPs 106. Communicating such time-domain IQ data typically requires a
relatively high data rate front haul. This approach (communicating time-domain 1Q
data over the front haul) is suitable for those implementations where the front-haul

ETHERNET network 116 is able to deliver the required high data rate.

[0030] If the front-haul ETHERNET network 116 is not able to deliver the data rate
needed to front haul time-domain IQ data (for example, where the front-haul is
implemented using typical enterprise-grade ETHERNET networks), this issue can be
addressed by communicating IQ data representing frequency-domain symbols for the
air interface between the controllers 104 and the RPs 106. This frequency-domain IQ
data represents the symbols in the frequency domain before the inverse fast Fourier
transform (IFFT) is performed. The time-domain IQ data can be generated by
quantizing the IQ data representing the frequency-domain symbols without guard
band zeroes or any cyclic prefix and communicating the resulting compressed,
quantized frequency-domain IQ data over the front-haul ETHERNET network 116.
Additional details regarding this approach to communicating frequency-domain 1Q
data can be found in US Patent Application Serial No. 13/762,283, filed on February
7, 2013, and titled "RADIO ACCESS NETWORKS," which is hereby incorporated
herein by reference. If it is necessary to use even less front haul bandwidth, the
transport blocks (that is, the underlying data bits) for the air interface can be

communicated between the controllers 104 and the RPs 106.
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[0031] Where frequency-domain 1Q data is front-hauled between the controllers 104
and the RPs 106, each baseband controller 104 can be configured to perform all or
some of the digital Layer-1, Layer-2, and Layer-3 processing for the air interface. In
this case, the Layer-1 functions in each RP 106 can be configured to implement the
digital Layer-1 processing for the air interface that is not performed in the controller

104.

[0032] Where the front-haul ETHERNET network 116 is not able to deliver the data
rate need to front haul (uncompressed) time-domain IQ data, the time-domain 1Q data
can be compressed prior to being communicated over the ETHERNET network 116,

thereby reducing the data rate needed communicate such 1Q data over the

ETHERNET network 116.

[0033] Data can be front-hauled between the controllers 104 and RPs 106 in other

ways.

[0034] Each controller 104 and RP 106 (and the functionality described as being
included therein) can be implemented in hardware, software, or combinations of
hardware and software, and the various implementations (whether hardware, software,
or combinations of hardware and software) can also be referred to generally as
"circuitry" or a "circuit" configured to implement at least some of the associated
functionality. When implemented in software, such software can be implemented in
software or firmware executing on one or more suitable programmable processors.
Such hardware or software (or portions thereof) can be implemented in other ways
(for example, in a field programmable gate array (FPGA), application specific
integrated circuit (ASIC), etc.). Also, the RF functionality can be implemented using
one or more RF integrated circuits (RFICs) and/or discrete components. Each

controller 104 and RP 106 can be implemented in other ways.

[0035] In the exemplary embodiment shown in FIGS. 1A-1C, a management system
136 is communicatively coupled to the controllers 104 and RPs 106, for example, via

the Internet 114 and ETHERNET network 116 (in the case of the RPs 106).

[0036] In the exemplary embodiment shown in FIGS. 1A-1C, the management
system 136 communicates with the various elements of the system 100 using the

Internet 114 and the ETHERNET network 116. Also, in some implementations, the
8
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management system 136 sends and receives management communications to and
from the controllers 104, each of which in turn forwards relevant management

communications to and from the RPs 106.

[0037] For each UE 110 that is attached to the cell 103, the controller 104 assigns a
subset of the RPs 106 to that UE 110, where the RPs 106 in the subset are used to
transmit to that UE 100. This subset of RPs 106 is referred to here as the "simulcast
zone" for that UE 110.

[0038] In the exemplary embodiment described here in connection with FIGS. 1A-
1C, the simulcast zone for each UE 110 is determined by the serving controller 104
using a "signature vector" (SV) associated with that UE 110. In this embodiment, a
signature vector is determined for each UE 110. The signature vector is determined
based on receive power measurements made at each of the RPs 106 serving the cell

103 for uplink transmissions from the UE 110.

[0039] When a UE 110 makes initial LTE Physical Random Access Channel
(PRACH) transmissions to access the cell 103, each RP 106 will receive those initial
PRACH transmissions and a signal reception metric indicative of the power level of
the PRACH transmissions received by that RP 106 is measured (or otherwise
determined). One example of such a signal reception metric is a signal-to-noise-plus-
interference ratio (SNIR). The signal reception metrics that are determined based on

the PRACH transmissions are also referred to here as "PRACH metrics."

[0040] Each signature vector is determined and updated over the course of that UE's
connection to the cell 103 based on Sounding Reference Signals (SRS) transmitted by
the UE 110. A signal reception metric indicative of the power level of the SRS
transmissions received by the RPs 106 (for example, a SNIR) is measured (or
otherwise determined). The signal reception metrics that are determined based on the

SRS transmissions are also referred to here as "SRS metrics."

[0041] Each signature vector is a set of floating point SINR values (or other metric),

with each value or element corresponding to a RP 106 used to serve the cell 103.

[0042] The simulcast zone for a UE 110 contains the M RPs 106 with the best SV

signal reception metrics, where M is the minimum number of RPs 106 required to

9
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achieve a specified SINR. The simulcast zone for a UE 110 is determined by selecting

those M RPs 106 based on the current SV.

[0043] In this exemplary embodiment, multicast addressing is used for transporting

downlink data over the front-haul 116.

[0044] This is done by defining groups 140 (shown in FIGS. 1B-1C) of RPs 106,
where each group 140 is assigned a unique multicast IP address. The switches 118 in
the front-haul 115 are configured to support forwarding packets using those multicast
IP addresses. Each such group 140 is also referred to here as a "multicast group" 140.
The number of RPs 106 that are included in a multicast group 140 is also referred to

here as the "size" of the multicast group 140.

[0045] The multicast groups 140 can be judiciously selected so that a simulcast zone
for any UE 110 can be defined as the union of a small number (for example, 1 or 2) of
multicast groups 140. The union of multicast groups 140 that are used to form a
simulcast zone for a UE 110 is also referred to here as the "multicast zone" for the UE

110. Example of multicast zones 142 for a UE 110 is shown in FIGS. 1B-1C.

[0046] As used here, the "set of multicast groups" 140 refers to a collection of
multicast groups 140 that the controller 104 can select from in order to form the

multicast zone for a UE's simulcast zone.

[0047] In some implementations, a RP 106 can be included in multiple multicast
groups 140. In the example shown in FIGS. 1B-1C, the various multicast groups 140
are all included in the set of multicast groups used by a controller 104. In other
implementations, each RP 106 is a member of only a single multicast group 140.
Moreover, in the example shown in FIGS. 1B and 1C, all of the multicast groups 140
in the set of multicast groups have the same fixed multicast group size of two RPs
106. It is to be understood, however, that multicast groups 140 having a different
fixed size could also be used. Also, in other examples, all of the multicast groups 140
in the set of multicast groups do not all have the same multicast group size and,
instead, at least one of the multicast groups has a size that differs from the size of at

least one of the other multicast groups.

10
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[0048] A controller 104 can be configured to form the multicast zone for a UE's
simulcast zone by trying to form the multicast zone using various combinations of
multicast groups 140 included in the set of multicast groups and determining if each

combination results in a suitable multicast zone.

[0049] If it is not possible to form a suitable multicast zone for the UE's simulcast

zone using any combination of multicast groups 140 included in the set of multicast

groups, then an alternative way of transmitting the downlink user data over the front
haul 116 1s used. For example, unicast addressing can be used to transmit the
downlink user data to the RPs 106 in the UE's simulcast zone. In another alternative,
the UE's simulcast zone can be changed to use a default simulcast zone that includes
all of the RPs 106. Then, broadcast addressing can be used to transmit the downlink
user data to all of the RPs 106.

[0050] The controller 104 can be configured to form multicast zones from the set of

multicast groups in other ways.

[0051] Whether a particular candidate multicast zone is "suitable" can be determined
in various ways. For example, a particular candidate multicast zone can be considered
suitable if it is the union of small number of non-intersecting multicast groups and it
includes all of the RPs 106 in the UE’s simulcast zone. Suitability can also be

determined in other ways.

[0052] Although in the example shown in FIGS. 1B-1C, the size of all multicast
groups is the same, it is to be understood that, as noted above, the size of the multicast

groups can vary from multicast group to multicast group.

[0053] The controller 104 is configured to transmit downlink user data to the RPs 106
in the simulcast zone of a UE 110 by making copies of each transport block (TB) for
the downlink user data, one copy for each multicast group 140 in the multicast zone.
Each copy is segmented into IP packets that have a destination address that is set to
the address of the multicast group 140 associated with that copy. Each IP packet is
then transmitted by the baseband unit 104 on the front-haul 115. The Ethernet
switches 118 used to implement the front-haul 115 forward the packet to only those
RPs 106 that are in the multicast group 140 associated with the destination address of

that packet.
11
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[0054] As a result, the bandwidth requirements at each RP 106 is minimized, with an
increase in the bandwidth requirements at the baseband controller 104 that is a factor
of the number of multicast groups 140 typically used to form the multicast zone. In
contrast, if unicast addressing where used, the bandwidth requirements at the
baseband controller 104 would increase by a factor of the maximum simulcast zone
size. Where multicast addressing is used, if each simulcast zone is formed from only a
small number of multicast groups 140 that is much less than the maximum simulcast
zone size, then the increase in the bandwidth requirements at the baseband controller

104 is much less than would be the case if unicast addressing where used.

[0055] If the number of RPs 106 in the system 100 is small enough, it is possible to
obtain perfect bandwidth efficiency at both RPs 106 and the baseband units 104 by
defining the multicast groups 140 so there is a corresponding multicast group 140 for
each possible simulcast zone. If this is the case, then each multicast zone can be

formed using a single multicast group 140.

[0056] As the number of RPs 106 in the system 100 increases, the corresponding
number of possible simulcast zones can become too large to have a corresponding
multicast group 140 for each simulcast zone. In this case, the number of multicast
groups 140 is limited. This is done by constraining each multicast group 140 to
contain a small number of RPs 106 (for example, 4 or fewer) and forming larger
simulcast zones (and the associated multicast zone) as a combination of multiple

multicast groups 140.

[0057] The various multicast groups 140 can be determined at system installation by
performing a UE 110 "walk test," for which a SV is determined for a large sample of
possible UE positions. At each UE position, for a given multicast group size of N, the
N RPs 106 with the largest SV value are identified and a multicast group 140
containing those N RPs 106 is formed. This can be done to identify multicast groups

140 of various sizes (for example, multicast groups containing 2, 3, and 4 RPs 106).

[0058] When adding a new multicast group 140, care can be taken not to replicate a
multicast group 140 that is already in the set of multicast groups 140. When a new
multicast group 140 is added, the switches 118 in the front-haul 115 are notified of the

new multicast group 140. After some latency (typically, around 1 second), the

12
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switches 118 are able to forward packets using the IP address assigned to that

multicast group 140.

[0059] FIG. 2 comprises a high-level flow chart illustrating one exemplary
embodiment of a method 200 of using multicast for downlink front-haul
communications in a C-RAN. The embodiment of method 200 shown in FIG. 2 is
described here as being implemented in the C-RAN system 100 of FIG. 1, though it is

to be understood that other embodiments can be implemented in other ways.

[0060] The blocks of the flow diagram shown in FIG. 2 have been arranged in a
generally sequential manner for ease of explanation; however, it is to be understood
that this arrangement is merely exemplary, and it should be recognized that the
processing associated with method 200 (and the blocks shown in FIG. 2) can occur in
a different order (for example, where at least some of the processing associated with
the blocks is performed in parallel and/or in an event-driven manner). Also, most
standard exception handling is not described for ease of explanation; however, it is to
be understood that method 200 can and typically would include such exception

handling.

[0061] Method 200 is described here as being performed for each UE 110 when the
simulcast zone for the UE 110 is determined. The particular UE 110 for which
method 200 is being performed is referred to here as the "current" UE 110.

[0062] Method 200 comprises determining the signature vector for the current UE
110 (block 202). This is done when the UE 110 initially connects to the cell 103 and,
thereafter, periodically when the SV for the UE 110 is updated.

[0063] Method 200 further comprises determining the simulcast zone for the current
UE 110 based on the UE's current SV (block 204). As noted above, the simulcast zone
for a UE 110 contains the M RPs 106 with the best SV signal reception metrics,
where M is the minimum number of RPs 106 required to achieve a specified SINR.
The simulcast zone for the current UE 110 is determined by selecting those M RPs
106 based on the current SV for the current UE 110.

[0064] Method 200 further comprises forming a multicast zone for the current

simulcast zone (block 206). In general, this is done by the controller 104 attempting to
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form a suitable multicast zone for the current UE's simulcast zone from the set of

multicast groups as described above.

[0065] Method 200 further comprises determining if a suitable multicast zone can be
formed for the current UE's simulcast zone (checked in block 208) and, if one can be,
transmitting downlink user data for the current UE 110 to the RPs 106 in its simulcast
zone using that multicast zone (block 210). As noted above, the controller 104 is
configured to transmit downlink user data in this way by making copies of each TB
for the downlink user data, one copy for each multicast group 140 in the multicast
zone. Each copy is segmented into IP packets that have a destination address that is
the address of the multicast group 140 associated with that copy. Each IP packet is
then transmitted by the controller 104 on the front-haul 115. The Ethernet switches
118 used to implement the front-haul 115 forward the packet to only those RPs 106
that are in the multicast group 140 associated with the destination address of that

packet.

[0066] As a result, the bandwidth requirements at each RP 106 is minimized, with an
increase in the bandwidth requirements at the controller 104 that is only a factor of the
number of multicast groups 140 in the multicast zone set, which typically will be a

small number.

[0067] Method 200 further comprises, if a suitable multicast zone cannot be formed
for the current UE's simulcast zone, transmitting downlink user data for the current
UE 110 over the front-haul 115 using an alternative approach (block 212). For
example, as noted above, unicast addressing can be used to transmit the downlink user
data to the RPs 106 in the current UE's simulcast zone. In another alternative, the
current UE's simulcast zone can be changed to use a default simulcast zone that
includes all of the RPs 106. Then, broadcast addressing can be used to transmit the

downlink user data to all of the RPs 106.

[0068] The set of multicast groups used for forming multicast zones can be
dynamically determined and updated by the controller 104. For example, the set of
multicast groups can be updated when the controller 104 is unable to form a multicast

zone for a given UE 110. One example of this approach is shown in FIG. 3.
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[0069] FIG. 3 comprises a high-level flow chart illustrating one exemplary
embodiment of a method 300 of using multicast for downlink front-haul
communications in a C-RAN. The embodiment of method 300 shown in FIG. 3 is
described here as being implemented in the C-RAN system 100 of FIG. 1, though it is

to be understood that other embodiments can be implemented in other ways.

[0070] The blocks of the flow diagram shown in FIG. 3 have been arranged in a
generally sequential manner for ease of explanation; however, it is to be understood
that this arrangement is merely exemplary, and it should be recognized that the
processing associated with method 300 (and the blocks shown in FIG. 3) can occur in
a different order (for example, where at least some of the processing associated with
the blocks is performed in parallel and/or in an event-driven manner). Also, most
standard exception handling is not described for ease of explanation; however, it is to
be understood that method 300 can and typically would include such exception

handling.

[0071] In general, method 300 proceeds as described above in connection with FIG. 2
except as described below. Moreover, features shown in FIG. 3 using reference
numerals that have the same last two digits as features shown in FIG. 2 are, except as
described below, substantially the same and the associated description of such
features set forth above in connection with FIG. 2 applies to the respective features

shown in FIG. 3, the description of which is not repeated for the sake of brevity.

[0072] In method 300, if, after attempting to form a suitable multicast zone for the
simulcast zone of the current UE 110 (in connection with block 306), a suitable
multicast zone cannot be formed for the current UE's simulcast zone (checked in
block 308), the set of multicast groups is updated (block 314). This updating of the set
of multicast groups can include deleting, adding, or changing (or combinations

thereof) one or more multicast groups included in the set of multicast groups.

[0073] In one implementation, when attempting to form a suitable multicast zone for
the current UE's simulcast zone, one or more RPs 106 in the current UE's simulcast
zone may not be included in any multicast group included in that set. Such RPs 106

are referred to here as "remaining RPs 106."
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[0074] In one implementation, if the number N of remaining RPs 106 is a multiple of
the multicast group size S for the set of multicast groups, then a number M of new
multicast groups can be added to that set, where M is equal to N divided by S. Each
successive new multicast group is formed by selecting, from the remaining RPs 106
that have not yet been added to a new multicast group, the S RPs 106 that have the
best signal reception metric in the SV for the current UE 110. These new multicast
groups are added to the set of multicast groups. As a result, a suitable multicast zone
should be able to be formed by using the new multicast groups along with any of the

existing multicast groups that include RPs 106 in the current UE's simulcast zone.

[0075] The new multicast groups can be added to the set of multicast groups if doing
so would not cause the number of multicast groups in that set to exceed a

predetermined maximum.

[0076] If the number N of remaining RPs 106 is not a multiple of the multicast group
size S for that set or if adding the new multicast groups would cause the number of
multicast groups in that set to exceed a predetermined maximum, any multicast
groups in that set for which deletion criteria are met are purged (deleted) from the set.
For example, in one implementation, the deletion criteria are met for any multicast
group that has not been used to form a multicast zone for any UE 110 within a
predetermined period of time (for example, within a predetermined number of TTIs).
In another implementation, the deletion criteria are configured so that a configurable
number of the least used multicast groups in the set are purged each time a purge

operation is performed. In other implementations, other criteria are used.

[0077] If, as a result of performing the purge operation, one or more multicast groups
are deleted, the remaining RPs 106 can be updated by determining which RPs 106 in
the current UE's simulcast zone are not included in any of the remaining multicast
groups in the set. Then, the number of such remaining RPs 106 is checked to see if it
is a multiple of the multicast group size S for the current set of the multicast groups

and, if that is the case, additional multicast groups are added as described above.

[0078] Method 300 further comprises, after updating the set of multicast groups,
forming a multicast zone for the current simulcast zone (block 316). If a suitable

multicast zone can be formed for the current UE's simulcast zone after updating the
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set of multicast groups (checked in block 318), downlink user data for the current UE
110 is transmitted to the RPs 106 in its simulcast zone using that multicast zone as

described above (block 310).

[0079] If a suitable multicast zone still cannot be formed for the current UE's
simulcast zone after updating the set of multicast groups, downlink user data for the
current UE 110 is transmitted over the front-haul 116 using an alternative approach as

described above (block 312).

[0080] The set of multicast groups used for forming multicast zones can be
dynamically determined and updated by the controller 104 in other ways. For
example, the set of multicast groups can be updated periodically. One example of this

approach is shown in FIG. 4.

[0081] FIG. 4 comprises a high-level flow chart illustrating one exemplary
embodiment of a method 400 of updating a set of multicast groups used for forming
multicast zones. The embodiment of method 400 shown in FIG. 4 is described here as
being implemented in the C-RAN system 100 of FIG. 1, though it is to be understood

that other embodiments can be implemented in other ways.

[0082] The blocks of the flow diagram shown in FIG. 4 have been arranged in a
generally sequential manner for ease of explanation; however, it is to be understood
that this arrangement is merely exemplary, and it should be recognized that the
processing associated with method 400 (and the blocks shown in FIG. 4) can occur in
a different order (for example, where at least some of the processing associated with
the blocks is performed in parallel and/or in an event-driven manner). Also, most
standard exception handling is not described for ease of explanation; however, it is to
be understood that method 400 can and typically would include such exception

handling.

[0083] Periodically (checked in block 402), the controller 104 updates the set of
multicast groups (block 404). This updating of the set of multicast groups can include
deleting, adding, or changing (or combinations thereof) one or more multicast groups

included in the set of multicast groups.
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[0084] For example, when this update operation is performed, the controller 104 can
attempt to purge (delete) one or more multicast groups from the set of multicast
groups. This can be done as described above in connection with FIG. 3 by checking if
deletion criteria are met for any multicast group in the set of multicast groups. If
deletion criteria are met for any multicast group in the set of multicast groups, the
controller 104 deletes the associated multicast group from the set. For example, in one
implementation, the deletion criteria are met for any multicast group that has not been
used to form a multicast zone for any UE 110 within a predetermined period of time
(for example, within a predetermined number of TTIs). In another implementation,
the deletion criteria are configured so that a configurable number of the least used
multicast groups in the set are purged each time a purge operation is performed. In

other implementations, other criteria are used.

[0085] Also, the controller 104 can track metrics associated with the various SVs that
it determines for various UE 110 (or store the SVs themselves) and then use those
metrics (or the SVs themselves) to determine which multicast groups should be

added, deleted, or changed.
[0086] Other embodiments can be implemented in other ways.

[0087] The methods and techniques described here may be implemented in digital
electronic circuitry, or with a programmable processor (for example, a special-
purpose processor or a general-purpose processor such as a computer) firmware,
software, or in combinations of them. Apparatus embodying these techniques may
include appropriate input and output devices, a programmable processor, and a
storage medium tangibly embodying program instructions for execution by the
programmable processor. A process embodying these techniques may be performed
by a programmable processor executing a program of instructions to perform desired
functions by operating on input data and generating appropriate output. The
techniques may advantageously be implemented in one or more programs that are
executable on a programmable system including at least one programmable processor
coupled to receive data and instructions from, and to transmit data and instructions to,
a data storage system, at least one input device, and at least one output device.
Generally, a processor will receive instructions and data from a read-only memory
and/or a random access memory. Storage devices suitable for tangibly embodying
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computer program instructions and data include all forms of non-volatile memory,
including by way of example semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and DVD disks. Any of the foregoing may
be supplemented by, or incorporated in, specially-designed application-specific

integrated circuits (ASICs).

[0088] A number of embodiments of the invention defined by the following claims

have been described. Nevertheless, it will be understood that various modifications to
the described embodiments may be made without departing from the spirit and scope
of the claimed invention. Accordingly, other embodiments are within the scope of the

following claims.
EXAMPLE EMBODIMENTS

[0089] Example 1 includes a system to provide wireless service comprising: a
controller; and a plurality of radio points; wherein each of the radio points is
associated with at least one antenna and remotely located from the controller, wherein
the plurality of radio points is communicatively coupled to the controller over a front
haul; wherein the controller and the plurality of radio points are configured to
implement a base station in order to provide wireless service to a plurality of user
equipment (UEs) using a cell; wherein the controller is communicatively coupled to a
core network of a wireless service provider; wherein the controller is configured to
determine a simulcast zone for a UE, the simulcast zone comprising a plurality of
radio points from which downlink user data is wirelessly communicated to the UE;
wherein the controller is configured to attempt to form a multicast zone for the
simulcast zone, the multicast zone comprising a plurality of multicast groups
implemented by the front haul; wherein the controller is configured to, if the multicast
zone 1s successfully formed, transmit downlink user data for the UE to the radio
points in the simulcast zone over the front haul by transmitting the downlink user data

to the multicast groups.

[0090] Example 2 includes the system of Example 1, wherein the front haul is

implemented using a switched Ethernet network.
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[0091] Example 3 includes the system of Example 2, wherein the switched Ethernet
network comprises at least one Ethernet switch that is configured to implement the

multicast groups.

[0092] Example 4 includes the system of any of the Examples 2-3, wherein each

multicast group comprises an associated multicast Internet Protocol (IP) address.

[0093] Example 5 includes the system of any of the Examples 1-4, wherein the
controller is configured to determine a signature vector for the UE, the signature
vector comprising a respective signal reception metric for each radio point; and
wherein the controller is configured to determine the simulcast zone for the UE based

on the signature vector.

[0094] Example 6 includes the system of any of the Examples 1-5, wherein the
controller is configured to attempt to form the multicast zone for the simulcast zone

using a set of multicast groups.

[0095] Example 7 includes the system of Example 6, wherein the controller is

configured to dynamically update the set of multicast groups.

[0096] Example 8 includes the system of any of the Examples 6-7, wherein the
controller is configured to, if the multicast zone is not successfully formed,
dynamically update the set of multicast groups and attempt to form the multicast zone

for the simulcast zone using the dynamically updated set of multicast groups.

[0097] Example 9 includes the system of any of the Examples 1-8, wherein the
controller is configured to, if the multicast zone is not successfully formed, transmit

downlink user data for the UE over the front haul using an alternative approach.

[0098] Example 10 includes the system of Example 9, wherein the alternative
approach comprises at least one: transmitting downlink user data for the UE over the
front haul using unicast addressing; and changing the simulcast zone for the UE to
include all radio points and transmitting downlink user data for the UE over the front

haul using broadcast addressing.

[0099] Example 11 includes a method of providing wireless service to user equipment

(UE) using a system comprising a controller and a plurality of radio points, wherein
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each of the radio points is associated with at least one antenna and remotely located
from the controller, wherein the plurality of radio points is communicatively coupled
to the controller over a front haul, and wherein the controller and the plurality of radio
points are configured to implement a base station in order to provide wireless service
to a plurality of user equipment (UEs) using a cell, the method comprising:
determining a simulcast zone for a UE, the simulcast zone comprising a plurality of
radio points from which downlink user data is wirelessly communicated to the UE;
attempting to form a multicast zone for the simulcast zone, the multicast zone
comprising a plurality of multicast groups implemented by the front haul; and if the
multicast zone is successfully formed, transmitting downlink user data for the UE to
the radio points in the simulcast zone over the front haul by transmitting the downlink

user data to the multicast groups.

[0100] Example 12 includes the method of Example 11, wherein the front haul is

implemented using a switched Ethernet network.

[0101] Example 13 includes the method of Example 12, wherein the switched
Ethernet network comprises at least one Ethernet switch that is configured to

implement the multicast groups.

[0102] Example 14 includes the method of any of the Examples 12-13, wherein each

multicast group comprises an associated multicast Internet Protocol (IP) address.

[0103] Example 15 includes the method of any of the Examples 11-14, wherein the
method further comprises determining a signature vector for the UE, the signature
vector comprising a respective signal reception metric for each radio point; and
wherein determining the simulcast zone for the UE comprises determining the

simulcast zone based on the signature vector.

[0104] Example 16 includes the method of any of the Examples 11-15, wherein
attempting to form the multicast zone for the simulcast zone comprises attempting to

form the multicast zone for the simulcast zone using a set of multicast groups.

[0105] Example 17 includes the method of Example 16, wherein the method further

comprises dynamically updating the set of multicast groups.
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[0106] Example 18 includes the method of any of the Examples 16-17, wherein the
method further comprises, if the multicast zone is not successfully formed,
dynamically updating the set of multicast groups and attempting to form the multicast

zone for the simulcast zone using the dynamically updated set of multicast groups.

[0107] Example 19 includes the method of any of the Examples 11-18, wherein the
method further comprises, if the multicast zone is not successfully formed,
transmitting downlink user data for the UE over the front haul using an alternative

approach.

[0108] Example 20 includes the method of Example 19, wherein the alternative
approach comprises at least one: transmitting downlink user data for the UE over the
front haul using unicast addressing; and changing the simulcast zone for the UE to
include all radio points and transmitting downlink user data for the UE over the front

haul using broadcast addressing.
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CLAIMS

What is claimed is:

1. A system to provide wireless service comprising:

a controller; and

a plurality of radio points;

wherein each of the radio points is associated with at least one antenna and
remotely located from the controller, wherein the plurality of radio points is
communicatively coupled to the controller over a front haul;

wherein the controller and the plurality of radio points are configured to
implement a base station in order to provide wireless service to a plurality of user
equipment (UEs) using a cell;

wherein the controller is communicatively coupled to a core network of a
wireless service provider;

wherein the controller is configured to determine a simulcast zone for a UE,
the simulcast zone comprising a plurality of radio points from which downlink user
data is wirelessly communicated to the UE;

wherein the controller is configured to attempt to form a multicast zone for the
simulcast zone, the multicast zone comprising a plurality of multicast groups
implemented by the front haul,

wherein the controller is configured to, if the multicast zone is successfully
formed, transmit downlink user data for the UE to the radio points in the simulcast
zone over the front haul by transmitting the downlink user data to the multicast

groups.

2. The system of claim 1, wherein the front haul is implemented using a switched

Ethernet network.

3. The system of claim 2, wherein the switched Ethernet network comprises at

least one Ethernet switch that is configured to implement the multicast groups.
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4. The system of claim 2, wherein each multicast group comprises an associated

multicast Internet Protocol (IP) address.

5. The system of claim 1, wherein the controller is configured to determine a
signature vector for the UE, the signature vector comprising a respective signal
reception metric for each radio point; and

wherein the controller is configured to determine the simulcast zone for the

UE based on the signature vector.

6. The system of claim 1, wherein the controller is configured to attempt to form

the multicast zone for the simulcast zone using a set of multicast groups.

7. The system of claim 6, wherein the controller is configured to dynamically

update the set of multicast groups.

8. The system of claim 6, wherein the controller is configured to, if the multicast
zone is not successfully formed, dynamically update the set of multicast groups and
attempt to form the multicast zone for the simulcast zone using the dynamically

updated set of multicast groups.

0. The system of claim 1, wherein the controller is configured to, if the multicast
zone is not successfully formed, transmit downlink user data for the UE over the front

haul using an alternative approach.

10. The system of claim 9, wherein the alternative approach comprises at least
one:

transmitting downlink user data for the UE over the front haul using unicast
addressing; and

changing the simulcast zone for the UE to include all radio points and
transmitting downlink user data for the UE over the front haul using broadcast

addressing.

24



WO 2019/222416 PCT/US2019/032511

11. A method of providing wireless service to user equipment (UE) using a system
comprising a controller and a plurality of radio points, wherein each of the radio
points is associated with at least one antenna and remotely located from the controller,
wherein the plurality of radio points is communicatively coupled to the controller over
a front haul, and wherein the controller and the plurality of radio points are configured
to implement a base station in order to provide wireless service to a plurality of user
equipment (UEs) using a cell, the method comprising:

determining a simulcast zone for a UE, the simulcast zone comprising a
plurality of radio points from which downlink user data is wirelessly communicated to
the UE;

attempting to form a multicast zone for the simulcast zone, the multicast zone
comprising a plurality of multicast groups implemented by the front haul; and

if the multicast zone is successfully formed, transmitting downlink user data
for the UE to the radio points in the simulcast zone over the front haul by transmitting

the downlink user data to the multicast groups.

12. The method of claim 11, wherein the front haul is implemented using a

switched Ethernet network.

13. The method of claim 12, wherein the switched Ethernet network comprises at

least one Ethernet switch that is configured to implement the multicast groups.

14. The method of claim 12, wherein each multicast group comprises an

associated multicast Internet Protocol (IP) address.

15. The method of claim 11, wherein the method further comprises determining a
signature vector for the UE, the signature vector comprising a respective signal
reception metric for each radio point; and

wherein determining the simulcast zone for the UE comprises determining the

simulcast zone based on the signature vector.
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16. The method of claim 11, wherein attempting to form the multicast zone for the
simulcast zone comprises attempting to form the multicast zone for the simulcast zone

using a set of multicast groups.

17. The method of claim 16, wherein the method further comprises dynamically

updating the set of multicast groups.

18. The method of claim 16, wherein the method further comprises, if the
multicast zone is not successfully formed, dynamically updating the set of multicast
groups and attempting to form the multicast zone for the simulcast zone using the

dynamically updated set of multicast groups.

19. The method of claim 11, wherein the method further comprises, if the
multicast zone is not successfully formed, transmitting downlink user data for the UE

over the front haul using an alternative approach.

20. The method of claim 19, wherein the alternative approach comprises at least
one:

transmitting downlink user data for the UE over the front haul using unicast
addressing; and

changing the simulcast zone for the UE to include all radio points and
transmitting downlink user data for the UE over the front haul using broadcast

addressing.
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