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TELECOMMUNICATION SYSTEMS WITH DISTRIBUTED BASE STATION
FUNCTIONALITY

Cross-Reference to Related Applications

[0001] A priority claim is hereby made to U.S. Provisional Application Serial No.
62/193,338, filed July, 16 2015 and titled “Repeater with Distributed Base Station Physical
Layer Processing,” and to U.S. Provisional Application Serial No. 62/180,131, filed June 16,
2015 and titled “Increasing Distributed Antenna System Capacity using Secondary ¢eNodeB
Functionality,” the contents of both of which are incorporated herein by reference.

Technical Field

[0002] This disclosure involves telecommunications and particularly (although not
necessarily exclusively), telecommunication systems with distributed base station
functionality.
Background

[0003] Examples of a telecommunication system may include a distributed antenna
system (“DAS”), a repeater, or a radio access network. The telecommunication system can
be communicatively coupled to base stations, such as (but not limited to) an eNodeB that is
compliant with a Long Term Evolution (“LTE”) standard.

[0004] The telecommunication system can be used to provide wireless communication
coverage in a variety of environments, particularly in large structures such as office
buildings, convention halls, airports, stadiums, and the like. A DAS, for example, can
include one or more head-end units (e.g., master units) that are communicatively coupled to
one or more base stations. The DAS can also include multiple radio units that are
communicatively coupled to a head-end unit. The radio units, each of which can include one
or more transceivers and antennas, can be distributed across a coverage area. The radio units

can transmit downlink signals from a base station to mobile phones or other terminal devices
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in coverage arcas serviced by the radio units. Radio units can also receive uplink signals
from terminal devices and transmit the uplink signals to the head-end unit.

[0005] A DAS or other telecommunication system can be implemented using the Open
Systems Interconnection model (“OSI model”), which is a conceptual model that
characterizes and standardizes the communication functions of telecommunication systems
without regard to their underlying internal structure and technology. The OSI model allows
interoperability of a diverse communication systems by partitioning the communication
system into abstraction layers. Each layer serves the layer above and is served by the layer
below. For example, a physical layer may be the lowest layer in an OSI model. Processing
in the physical layer may include defining the physical connection between two devices
including the transmission medium, signal timing, transmission mode, etc.

Summa

[0006] Examples of distributed base station functionality in a telecommunication system
(e.g., a distributed antenna system) are disclosed. In some aspects, the telecommunication
system can include an interface with circuitry configured to communicate with one or more
base-station entities, base-station components, or core-network entities. The
telecommunication system can also include radio units that are positioned in an area for
providing wireless coverage to terminal devices. The telecommunication system can also
include a head-end unit that is communicatively coupled between the interface and the radio
units. One or more devices in the telecommunication system can include a low-layer
processing module. In some aspects, the low-layer processing module can perform
functionality of a secondary eNodeB, such as (but not limited to) radio transport layer
processing. In additional or alternative aspects, the low-layer processing module can perform
physical layer processing that is split between uplink physical layer processing and downlink

physical layer processing and/or split between secondary and primary physical layer
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processing.

[0007] The details of one or more aspects and examples are set forth in the accompanying
drawings and the description below. Other features and aspects will become apparent from
the description, the drawings, and the claims.

Brief Description of the Drawings

[0008] FIG. 1 is a block diagram depicting an example of a telecommunication system
that includes a distributed antenna system (“DAS”) with a low-layer processing module for
distributing base station functionality according to one aspect of the present disclosure.

[0009] FIG. 2 is a block diagram that logically depicts an example of base station
functionality, such as secondary eNodeB (“SeNB”) functionality, being integrated into the
DAS according to one aspect of the present disclosure.

[0010] FIG. 3 is a block diagram that logically depicts an example of an SeNB module
that can be integrated into a DAS (for example, in a head-end unit, aggregation unit, and/or
radio unit) and that has S1 functionality according to one aspect of the present disclosure.
[0011] FIG. 4 is a block diagram that logically depicts an example of an SeNB module
that can be integrated into a DAS and that can be implemented without S1 functionality
according to one aspect of the present disclosure.

[0012] FIG. 5 is a block diagram depicting an example of a repeater that includes
distributed physical (“PHY”) layer functionality according to one aspect of the present
disclosure.

[0013] FIG. 6 is a block diagram depicting an example of a PHY layer with a split
between uplink and downlink processing and a split between secondary and primary
processing for signals in a telecommunication system according to one aspect of the present
disclosure.

[0014] FIG. 7 is a flow chart depicting an example of a process for distributing base
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station functionality in a telecommunication system according to one aspect of the present

disclosure.

Detailed Description

[0015] Certain aspects and features relate to distributing low-layer processing or other
functions from a base station (e.g., an eNodeB) to units in a telecommunication system. A
telecommunication system can be any system of communicatively coupled devices that
extend wireless communication coverage. Examples of a telecommunication system include
a distributed antenna system (“DAS”), a repeater, or a radio access network. Distributing
low-layer processing or other functions from a base station may include, for example, units in
the telecommunication system performing physical (“PHY”) layer processing and radio
transport layer processing.

[0016] Units in a telecommunication system can be communicatively coupled via digital
links using one or more suitable protocols. Examples of suitable protocols for a digital link
include Ethernet, Synchronous Ethernet, Common Public Radio Interface (“CPRI”),
Synchronous Optical Networking (“SONET”), etc. In some aspects, the capacity of the
telecommunication system may be improved by incorporating functionality of a base station,
such as low-layer processing, into one or more units of the telecommunication system.

[0017] In some aspects, the telecommunication system may be a repeater system. PHY
layer functionality from a base station can be distributed among devices or other elements of
the repeater system, such as a switching transport unit or radio units. For example, building
blocks of physical layer entities (e.g., encoders and modems) may be distributed among
different elements of a repeater. In another example, radio transport layer functionality (e.g.,
detecting and correcting errors in physical layer communications) for a base station may be

distributed among components of the repeater. A repeater that is coupled to a base station
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and that includes base station functionality can form a distributed base station.

[0018] In some aspects, base station functionality can be distributed among devices of a
telecommunication system that is compliant with a Long Term Evolution (“LTE”) standard.
An example of an LTE base station whose functionality can be integrated into a DAS or
repeater is a secondary eNodeB (“SeNB”). An SeNB can be a low-complexity base station
that implements lower layers of a protocol stack, such as layers used for radio transport.
[0019] In some aspects, a low-complexity base station may implement low-layer
processing without implementing higher-layer processing, such as layers used for encryption.
Higher-layer processing may be performed by an external base station in communication with
a DAS, a repeater, or other telecommunication system that is used for distributing base
station functionality. One example of an external LTE base station that may communicate
with a DAS, a repeater, or other telecommunication system that is used for distributing base
station functionality is a Master eNodeB (“MeNB”). Other suitable base stations may also be
used in the manner described in this disclosure with respect to MeNBs.

[0020] The low complexity of an SeNB can allow the SeNB functionality to be
implemented by one or more suitable devices in a telecommunication system
communicatively coupled to an MeNB or other suitable base station. For example, in a DAS,
one or more of a head-end unit and the radio units can include an SeNB module or other low-
layer processing module for implementing SeNB functionality. The SeNB module can
implement at least one radio transport layer of a protocol used by the base station that is in
communication with the head-end unit.

[0021] In some aspects, including PHY layer functionality of a base station in a repeater
can reduce the resources required for communicating data via the repeater. For example, in a
repeater, the resource cost per bit may be increased due in part to the cost of full blown base

stations at the repeater site and the need to terminate a radio frequency (“RF”) interface.
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Including PHY layer functionality in a repeater can reduce the fronthaul cost (e.g., by
reducing the bandwidth used to transmit control data) between a central base station hotel and
the repeater site. For example, the digital transport bandwidth on external and internal
interfaces can be reduced as compared to an in-phase/quadrature (“1Q”) transport such as
CPRI. This reduction in transport bandwidth can lead to capital expenditure and operating
expenditure savings.

[0022] FIG. 1 depicts an example of a telecommunication system 100 in which base
station functionality can be distributed. This example of a telecommunication system 100
includes a DAS 102 communicatively coupled to one or more base-station entities, base-
station components (such as baseband units or remote radio heads), or core-network entities.
In this example, the base-station entities, base-station components, or core-network entities
comprise base stations 104a-d. Although a DAS 102 is depicted in FIG. 1, other types of
telecommunication systems, such as a repeater or radio access network, can be used.
Furthermore, the base stations 104a-d can be used by one or more cellular providers that
employ different air interfaces.

[0023] The DAS 102 depicted in FIG. 1 includes a single head-end unit 106 that is
communicatively coupled to multiple base stations 104a-d. However, other implementations
are possible. For example, one or more base stations associated with a first provider may be
communicatively coupled (e.g., via one or more physical links) to a first head-end unit or set
of head-end units, one or more base stations associated with a second provider may be
communicatively coupled (e.g., via one or more physical links) to a second head-end unit or
set of head-end units, ctc.

[0024] The DAS 102 also includes multiple spatially separated radio units 112a-d that are
communicatively coupled to the head-end unit 106 via a distribution and aggregation network

110. The radio units 112a-d can provide signal coverage to terminal devices in one or more
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coverage zones 114a, 114b in an area serviced by the DAS 102 (e.g., a building, a tunnel,
etc.). The radio units 112a-d may include, for example, transceiving devices that include or
are communicatively coupled to one or more antennas. The distribution and aggregation
network 110 can include one or more aggregation units 108. In some aspects, the
aggregation unit 108 can be separate from the head-end unit 106, as depicted in FIG. 1. In
other aspects, the aggregation unit 108 can be included in the head-end unit 106.

[0025] In some aspects, a given physical link between a head-end unit 106 and an
aggregation unit 108 can be used to communicate data for multiple logical links. In one
example, a first logical link supported by a physical link can represent data traffic for a first
provider, a second logical link supported by the same physical link can represent data traffic
for a second provider, etc. In another example, a first logical link supported by a physical
link can represent a first type of data traffic (e.g., CPRI data), a second logical link supported
by the same physical link can represent a second type of data traffic (e.g., X1 data), etc.
Different data types can be encapsulated in Ethernet or CPRI frames or multiplexed via
wave-division multiplexing on the same optical fiber providing a physical link. In additional
or alternative aspects, a given physical link between an aggregation unit 108 and a radio unit
112a-d can be used to communicate data for multiple logical links in the manner described
above.

[0026] The DAS 102 can incorporate base station functionality for communicating with
terminal devices in one or more of the coverage zones 114a, 114b that communicate with one
or more of the base stations 104a-d via the DAS 102. For example, one or more head-end
units 106 can include a low-layer processing module 116 that can distribute base station
functionality in the DAS 102.

[0027] The low-layer processing module 116 may perform processing from any layer of

one or more protocol used by one or more of the base stations 104a-d. In some aspects, the
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low-layer processing module 116 may perform Layer 1 (“L1”) processing, such as PHY layer
processing. In additional or alternative aspects, the low-layer processing module 116 may
perform radio transport layer processing. In some examples, the capacity of the DAS 102
(e.g., the number of terminal devices that can be serviced by the DAS 102) may be increased
by using the low-layer processing module 116 to implement one or more SeNB functions.
[0028] The low-layer processing module 116 may include one or more devices or provide
functionality for performing processing associated with multiple layers. For example, in
some aspects, the low-layer processing module 116 may be an SeNB device or may provide
functionality of an SeNB device. The SeNB functionality may include Layer 1 processing as
well as other low-layer processing. For example, an SeNB device included in the low-layer
processing module 116 may perform radio link control (“RLC”) processing, media access
control (“MAC”) processing, and packet data convergence protocol (“PDCP”) functions.
The PDCP functions may include compression of user plane data packets, transfer of user
data, handover management, and encryption and decryption. The SeNB device may include
an S1 interface for communicating with one or more core-network entities. The core network
can include entities such as a serving gateway (S-GW) or a Mobility Management Entity
(MME) that can be used to provide services to users of the DAS 102. For example, the core
network can perform frequency spectrum allocation, call aggregation, and authentication of
terminal devices.

[0029] For illustrative purposes, FIG. 1 depicts one low-layer processing module 116
located in the head-end unit 106. Other implementations are possible. For example, multiple
low-layer processing modules may be located in any component of the DAS 102 or an
independent component. In some aspects, the low-layer processing module 116 may be
included in other devices (e.g., one or more of an aggregation unit 108, one or more radio

units 112a-d, etc.).
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[0030] In some aspects, the use of one or more low-layer processing module 116 can
address challenges associated with transporting large amounts of data (e.g., digitized RF data,
digitized IF data, etc.) to radio units that wirelessly communicate with mobile devices or
other terminal device. For example, transporting large amounts of digital data may require
large amounts of bandwidth between a radio unit and a device that transmits data to the radio
unit. These bandwidth requirements for a telecommunication system may be addressed by
moving certain lower-layer processing closer to one or more radio units. In some aspects,
functionality for multiple processing layers, such as the processing layers involved in SeNB
functionality, can be integrated into one or more units of a DAS or repeater, as described
herein with respect to FIGS. 2-4. In additional or alternative aspects, physical layer
processing (e.g., Layer 1 processing) can be integrated into one or more units of a DAS or
repeater, as described herein with respect to FIGs. 5 and 6. Thus, one or more
implementations described herein with respect to FIGs. 2-7 can be used, alone or in
combination, to address challenges associated with transporting large amounts of data to
radio units that wirelessly communicate with terminal devices.

Integrated SeNB functionality in a DAS

[0031] In some aspects, a low-layer processing module may be used to implement SeNB
functionality, as described herein with respect to FIGs. 2-4. SeNB functionality may be
performed in addition to or instead of distributed PHY processing described herein with
respect to FIGs. 5 and 6. SeNB functionality can be integrated into (or otherwise included) in
a DAS, a repeater, or any other telecommunication system communicatively coupled to one
or more base stations, one or more core networks, or any other combination thereof.

[0032] For example, FIG. 2 is a diagram that logically depicts an example of SeNB
functionality integrated in a DAS 202. The DAS 202 includes low-layer processing modules

214a-d that can perform radio transport layer processing. The DAS 202 also includes a head-
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end unit 206 communicatively coupled to an aggregation unit 208, which is communicatively
coupled to radio units 212a-d. In some aspects, the DAS 202, head-end unit 206, aggregation
unit 208, radio units 212a-d, and low-layer processing module 214a may be examples of the
DAS 102, head-end unit 106, aggregation unit 108, radio units 112a-d, and low-layer
processing module 116, respectively, depicted in FIG. 1.

[0033] The head-end unit 206 can include one or more modules. For example, in some
aspects, the head-end unit 206 can include donor modules 216a, 216b used for
communicating RF data. In the example depicted in FIG. 2, the donor module 216a can
communicate RF signals via an antenna. The donor module 216a can communicate RF
signals with one or more MeNBs 204b (e.g., a MeNB co-located with a base station).

[0034] In additional or alternative aspects, the head-end unit 206 can also include one or
more X2 modules 220a, 220b. The X2 modules 220a, 220b of the head-end unit 206 can be
termination points for X2 links with MeNBs 204a, 204b. In the example depicted in FIG. 2,
the X2 module 220a can communicate X2 data with one or more MeNBs 204a. The X2
module 220a can communicate X2 data with one or more other MeNBs 204b (e.g., an MeNB
co-located with a base station).

[0035] In additional or alternative aspects, the head-end unit 206 can also include an S1
module 214. The S1 module 214 of the head-end unit 206 can be a termination point for one
or more S1 links with one or more EPCs 218a or other core networks. An EPC 218a or other
core network can be, for example, a serving gateway for multiple radio access network
providers.

[0036] In additional or alternative aspects, the head-end unit 206 can include one or more
fronthaul devices 210a, 210b. A fronthaul device can communicate 1Q (e.g., CPRI or
OBSAI), X2, and S1 data with one or more other devices or systems that are external to the

DAS 202 (e.g., MeNBs, base stations, or core networks). Each of the fronthaul devices 210a,
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210b can be a logical termination point. After a logical termination point, the DAS 202 can
implement behavior that, from the perspective of a base station or other external device or
system, is similar to the behavior of a remote radio head. For example, in the context of
CloudRAN, a fronthaul device can be one logical end of an 1Q link (e.g., a CPRI or OBSAI
link) between one or more base station hotels 224a, 224b and a unit of the DAS 202. In
additional or alternative aspects, each of the fronthaul devices 210a, 210b can be a
termination point for an S1 link with one or more core networks, such as one or more EPCs
218b, 218c. In additional or alternative aspects, the fronthaul device 210b can be a
termination point for an X2 link with one or more MeNBs 204c.

[0037] In some aspects, the head-end unit 206 can include low-layer processing module
214a in a fronthaul device or sub-system to provide a logical termination point for an S1 link,
an X2 link, or both. For example, the low-layer processing module 214a can include SeNB
functionality. The SeNB functionality can include communicating 1Q and X2 data with one
or more MeNBs 204c¢ or other base stations. The SeNB functionality can also include
communicating S1 data with one or more EPCs 218c or other core networks.

[0038] In some aspects, SeNB or other low-layer processing can be implemented in
additional or alternative devices in the DAS 202. For example, a low-layer processing
module 214b can be implemented in an aggregation unit 208 (e.g., a switching unit) that may
be controlled by the head-end unit 206. In additional or alternative aspects, one or more low-
layer processing modules 214c, 214d can be implemented in one or more radio units 212c,
212d. The low-layer processing modules 214c, 214d in the radio units 212c, 212d can
implement SeNB functionality. For example, a communication link from a radio unit 212¢ or
212d that implements SeNB functionality can be used to transmit 1Q data as well as X2 and
S1 data between the radio unit and one or more MeNBs (e.g., one or more of the MeNBs

204a-c depicted in FIG. 2). In some aspects, cach low-layer processing module 214a-d can
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include one or more Ethernet interfaces via which one or more of X2 data, S1 data, and other
packetized data may be communicated. In some aspects, other radio units 212a, 212b may
not implement SeNB functionality.

[0039] In some aspects, one or more low-layer processing modules can be implemented
in one or more of the head-end unit 206 and the aggregation unit 208. For example, for a
new installation, if excess bandwidth is available for communicating with one or more radio
units, the low-layer processing module 214b can be implemented in the aggregation unit 208.
If a system is installed with 1Q interfaces, the low-layer processing module 214a can be
implemented in the fronthaul 210b or another module in the head-end unit 206. If bandwidth
on the link to the radio units 212¢, 212d is limited, the low-layer processing modules 214c,
214d can be implemented in the radio units 212¢, 212d, respectively.

[0040] If the low-layer processing modules 214¢, 214d are implemented in the radio unit
212¢-d, a communication link can be used for direct communication between the radio unit
212c-d and one or more MeNBs 204a-b without routing the communicated data through the
aggregation unit 208 or the fronthaul device 210a-b in the DAS 202. For example, if one or
more MeNBs 204a-b are co-located with a DAS 202, a radio unit 212¢-d may be able to
establish a link with one or more MeNBs 204a-b via a radio link. An aggregation unit 208
can switch IQ data with RF streaming data and X2 packetized data.

[0041] In other aspects, X2 and S1 data can be encoded and modulated onto narrowband
or broadband 1Q data streams. For example, only I1Q data streams may be transmitted within
the DAS 202. X2 and S1 data can be communicated via modulated 1Q signals.

[0042] For example, the head-end unit 206 can receive S1 and X2 data from various
sources. The head-end unit 206 can encode the received S1 and X2 data and modulate 1Q
signals transmitted via the DAS 202 with the encoded S1 and X2 data. One or more radio

units 212a-d can decode S1 and X2 data from IQ signals received from the head-end unit 206
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(either directly or via the aggregation unit 208). The radio units 212a-d can use the decoded
S1 and X2 data as needed to establish or maintain communication links with terminal devices
in communication with the DAS 202.

[0043] In some aspects, different 1Q data streams can be communicated in parallel. In
some aspects, these parallel 1Q data streams can include data from multiple providers that are
serviced by the DAS 202. In additional or alternative aspects, these parallel 1Q data streams
can include parallel MIMO data streams transmitted via the DAS 202.

[0044] Examples of other signals that may be communicated via a DAS 202 with SeNB
functionality include (but are not limited to) baseband 1Q signals, intermediate frequency
(“IF”) 1Q signals, digital IF signals with only real components (e.g., I component only), zero-
IF signals, etc.

[0045] In other aspects, X2 and S1 data can be encoded and modulated onto wideband,
digital RF data streams. For example, digital RF interfaces can be used for communication
within the DAS 202. In some aspects, a low-layer processing module 214a-d can include an
RF interface for communicating wireless RF data with an antenna. One or more low-layer
processing modules 214a-d can be implemented in one or more of a head-end unit 206 and an
aggregation unit 208. Within the DAS 202, data can be communicated among the head-end
unit 206, the aggregation unit 208, and the radio units 212a-d as digital RF signals.

[0046] For example, X2 and S1 data can be communicated via modulated, digital RF
signals. The head-end unit 206 can receive S1 and X2 data from various sources. The head-
end unit 206 can encode the received S1 and X2 data and modulate digital RF signals
transmitted via the DAS 202 with the encoded S1 and X2 data. One or more radio units
212a-d can decode S1 and X2 data from digital RF signals received from the head-end unit
206 (either directly or via the aggregation unit 208). The radio units 212a-d can use the

decoded S1 and X2 data as needed to establish or maintain communication links with
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terminal devices in communication with the DAS 202.

[0047] In some aspects, different digital RF data streams can be communicated in
parallel. In some aspects, these parallel digital RF data streams can include parallel MIMO
data streams transmitted via the DAS 202.

[0048] In other aspects, X2 and S1 data can be encoded and modulated onto analog RF
data streams. For example, analog RF interfaces can be used for communicating data among
the head-end unit 206, the aggregation unit 208, and the radio units 212a-d using analog RF
signals.

[0049] The X2 and S1 data can be communicated via modulated, analog RF signals. The
head-end unit 206 can receive S1 and X2 data from various sources. The head-end unit 206
can encode the received S1 and X2 data and modulate analog RF signals transmitted via the
DAS 202 with the encoded S1 and X2 data. One or more radio units 212a-d can decode S1
and X2 data from analog RF signals received from the head-end unit 206 (either directly or
via the aggregation unit 208). The radio units 212a-d can use the decoded S1 and X2 data as
needed to establish or maintain communication links with terminal devices in communication
with the DAS 202.

[0050] In some aspects, frequency shifting methods can be used to communicate MIMO
signals. For example, if the head-end unit 206 receives a set of MIMO signals having the
same frequency or overlapping frequencies, the head-end unit 206 can shift the frequencies of
one or more MIMO signals in the set. Shifting the frequencies of one or more MIMO signals
can allow the set of MIMO signals to be transmitted via the DAS 202 to various radio units
212a-d in parallel. The radio units 212a-d that receive the MIMO signals can modify the
frequency-shifted MIMO signals so that they have the correct frequency (e.g., their original
frequencies) for transmission to terminal devices operating in a MIMO mode.

[0051] In some aspects, the low-layer processing module 214a-d can be used to
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implement SeNB functionality in DAS 202 via one or more features provided in LTE Release
12. For example, the X2 protocol is a LTE protocol for communicating between eNodeBs or
other base stations. The X2 protocol includes X2-C, which is a control plane protocol, and
X2-U, which is a user-plane protocol.

[0052] In another example, the S1 protocol is an LTE protocol for communicating
between eNodeBs (or other base stations) and an Evolved Packet Core (“EPC”) network or
other core network. A core network can include a group of devices in a telecommunication
network that can provide services to users of the telecommunication network. Examples of
services provided by a core network include frequency spectrum allocation, call aggregation,
authentication of terminal devices or users, call switching, service invocation, gateways to
other networks, etc. The S1 protocol includes S1-U, which is a user plane protocol that can
be used for communicating with a serving gateway (“S-GW?”) that routes and forwards user
data packets. The S1 protocol also include SI-MME, which is a protocol for communicating
with a mobility management entity (“MME”) of a core network that manages tracking and
paging procedures and idle modes of mobile devices.

[0053] In one example, a base station may not be co-located in a building or one or more
of the coverage zones serviced by the DAS 202. A link is established from the DAS 202 to
the base station to allow the terminal devices to communicate directly with one or more base
stations. In another example, a repeater in communication with one or more base stations
can receive downlink signals via a communication link between the repeater and one or more
base stations and retransmit the downlink signals to a first terminal device via a
communication link (and vice versa in the uplink direction). Other communication links can
be used for communication between one or more low-layer processing modules 214a-d in the
DAS 202 and one or more terminal devices. Secondary links (not depicted in FIG. 4)

between low-layer processing module 214a-d and the terminal devices allow the terminal
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devices to communicate with the low-layer processing module 214a-d in case data offload is
needed.

[0054] One or more low-layer processing modules 214a-d may communicate with one or
more base stations via X2-C and X2-U communication links (e.g., wireline or microwave
links). A given low-layer processing module 214a-d can be associated with a given base
station. In some aspects, each of the radio units 212a-d of the DAS 202 can include one or
more antennas for implementing one or more communication links between the low-layer
processing module 214a-d and their associated terminal devices in one or more coverage
Zones.

[0055] The DAS 202 can implement SeNB functionality depicted using low-layer
processing module 214a-d. A DAS 202, or other telecommunication system with SeNB
functionality, can support multiple telecommunication providers. Data traffic from different
providers can be communicated in parallel using the same physical link. For example,
multiple logical links corresponding to different providers can be established using a common
physical link. In one example, a first logical link over a physical link can represent data
traffic for a first provider, a second logical link over the same physical link can represent data
traffic for a second provider, etc. In another example, a first logical link over a physical link
can include a first type of data traffic (e.g., CPRI data), a second logical link over the same
physical link can include a second type of data traffic (e.g., X1 data), etc.

[0056] Any suitable implementation can be used to share a common physical link among
multiple logical links. In some aspects, data corresponding to different logical links can be
encapsulated in Ethernet frames that are communicated via the same physical link. In
additional or alternative aspects, data corresponding to different logical links can be
encapsulated in CPRI frames (e.g., using embedded Ethernet within CPRI) that are

communicated via the same physical link. In additional or alternative aspects, data
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corresponding to different logical links can be multiplexed onto the same physical link using
wave-division multiplexing. Other implementations are possible for sharing a common
physical link among multiple logical links.

[0057] SeNB functionality can be implemented in a DAS 202, a repeater (e.g., repeater
500 in FIG. 2), or another telecommunication system in any suitable manner. In some
aspects, low-layer processing modules can be plug-in cards or other devices that can be
installed in one or more head-end units, one or more aggregator units, one or more radio
units, or some combination thereof. In additional or alternative aspects, low-layer processing
modules can be integrated into one or more head-end units, one or more aggregator units, one
or more radio units, or some combination thercof. Integrating a selectively activated SeNB
device or other low-layer processing module may be useful for units such as radio units,
where installing additional hardware may be impractical.

[0058] Low-layer processing modules can be selectively activated or otherwise
configured based on the requirements for the DAS 202. For example, a unit in a DAS 202
(e.g., a head-end unit 206, an aggregator unit 208, or a radio unit 212a-d) can include an
integrated SeNB device. The SeNB device in the unit can be activated (e.g., via software) if
the DAS 202 needs to provide SeNB functionality. This functionality may include allocating
bandwidth or other resources used by the SeNB device among different providers that are
serviced by the DAS 202.

[0059] In some aspects, low-layer processing modules can be implemented in a scalable
manner. For example, multiple low-layer processing modules can be implemented as
firmware in a field-programmable gate array (“FPGA”), as different software engines
executed by one or more processing devices in a unit in of a DAS, as separate physical
devices (e.g., multiple SeNB interface cards or integrated SeNB devices) in a unit of a DAS

202, etc. In some examples, the low-layer processing module is an interface card or other
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suitable device that includes one or more devices or other circuitry for implementing SeNB
functionality and that may be installed in a unit of the DAS 202. Implementing SeNB
functionality in the DAS 202 can include performing one or more functions using one or
more low-layer processing modules that may otherwise be performed by a separate eNodeB
system (e.g., a SeNB).

[0060] The SeNB functionality provided by the DAS 202 can be used for communication
with a radio access network that includes one or more MeNBs. The SeNB functionality of
the DAS 202 can involve managing the communication links with terminals devices. The
lower complexity of the SeNB functionality can allow this SeNB functionality to be
integrated directly into components in the DAS 202.

[0061] One or more MeNBs can communicate with one or more low-layer processing
modules 214a-d that are included in the DAS 202. The interface between one or more
MeNBs and one or more low-layer processing modules 214a-d in the DAS 202 can use the
X2-C and X2-U protocols. For example, a communication link can be used to communicate
data between one or more MeNBs and the DAS 202 that is formatted according to the X2-C
and the X2-U protocols.

[0062] In some aspects, an air interface can be used to improve the efficiency with which
resources are used by the DAS 202. For example, a terminal device can have a first
communication link for communication with one or more MeNBs and a second
communication link for communication with one or more low-layer processing modules
214a-d of the DAS 202. Communications with one or more MeNBs may be limited to
signaling, which may reduce the resources used in the communication link. The S1 interface
can be used by one or both of one or more MeNBs and one or more low-layer processing
modules 214a-d to communicate with a core network. The DAS 202 may support multiple

operators and have multiple S1 interfaces to multiple core networks.
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[0063] Downlink data received by one or more MeNBs from the core network can be
encrypted in the PDCP layer. One or more MeNBs processes the downlink data and provides
the downlink data to one or more low-layer processing module 214a-d. One or more MeNBs
also processes uplink data being received by one or more low-layer processing modules
214a-d via one or more of the radio links. The low-layer processing modules 214a-d can
implement lower-level protocols, such as RLC and MAC protocol, used for a radio interface
transmission. The low-layer processing modules 214a-d can receive processed downlink data
from one or more MeNBs via the link. The low-layer processing modules 214a-d can
transmit downlink data to terminal devices using the RLC and MAC protocols. The low-
layer processing modules 214a-d can also transmit uplink data to one or more MeNBs via the
link. The low-layer processing modules 214a-d can also receive uplink data and initiate
retransmission of uplink data received from the terminal devices using the RLC and MAC
protocols.

[0064] In some aspects, the low-layer processing modules 214a-d may be low complexity
and can be at least partially controlled by one or more MeNBs. The low-layer processing
modules 214a-d may not implement encryption, such that unauthorized accessed to the X2-C
and X2-U interfaces between one or more MeNBs and low-layer processing module 214a-d
would not provide access to the unencrypted data.

[0065] In some examples, a CloudRAN implementation can be used for a base station
(e.g., one or more MeNBs) co-located with a DAS 202 or a base station that is remotely
located from the DAS 202. The data rate used for transmitting X2-C and X2-U data may be
comparable to or better than the data rate used for a CPRI protocol. For example, in a
CloudRAN environment, a communication link between one or more MeNBs and one or
more low-layer processing module 214a-d can utilize fewer resources using the X2-C and

X2-U protocols as compared to transmitting 1Q data via CPRI or a similar protocol.
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[0066] In some aspects, a SeNB module in a DAS can perform some or all of the
functions performed by a separate SeNB. For example, FIG. 3 is a block diagram that
logically depicts an example of a SeNB module 302 that can be integrated into a DAS. The
SeNB module may be included in low-layer processing module 300. The low-layer
processing module 300 may be, for example, one of the low-layer processing modules 214a-d
depicted in FIG. 2. The SeNB module 302 can include an S1 interface for communicating
with an EPC or other core network. The SeNB module 302 may perform RLC processing,
MAC processing, and PDCP functions. In some aspects, the SeNB module 302 can be used
to communicate using the LTE-U (unlicensed) spectrum. In additional or alternative aspects,
the SeNB module 302 can support license-assisted access.

[0067] In some aspects, the SeNB module 302 can communicate with an MeNB 304 that
can control communication with terminal devices. In some aspects, terminal device can
communicate with the MeNB (e.g. for Voice over LTE services). The SeNB module 302 can
communicate with an MeNB 304 via any suitable communication link, such as, for example,
the X2 communication link depicted in FIG. 3. The MeNB 304 can also perform one or more
of RLC processing, MAC processing, and PDCP functions. In some aspects, the X2 traffic
can be encrypted by the PDCP layer in the MeNB 304.

[0068] Although FIG. 3 depicts a single SeNB module 302, other implementations are
possible. In some aspects, SeNB functionality may be distributed among multiple units of a
DAS. For example, a first unit of the DAS may include a first SeNB or or low-layer
processing module that performs PHY-layer processing, and another unit or set of units of the
DAS may include one or more additional SeNB or low-layer processing modules that
implement one or more of RLC-layer processing, MAC-layer processing, and PDCP-layer
processing.

SeNB Functionality without S1 Interface
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[0069] In some aspects, an SeNB module can be implemented without S1 functionality,
as depicted in FIG. 4. FIG. 4 logically depicts an example of an SeNB module 402 that can
be integrated into a DAS. The SeNB module may be included in low-layer processing
module 400. The low-layer processing module 400 may be, for example, one of the low-
layer processing modules 214a-d depicted in FIG. 2. The SeNB module 402 omits an S1
interface for communicating with an EPC or other core network. But the SeNB module 402
can perform RLC processing and MAC processing. In some aspects, the SeNB module 402
can be used to communicate using the LTE-U (unlicensed) spectrum. In additional or
alternative aspects, the SeNB module 402 can support license-assisted access.

[0070] In some aspects, the SeNB module 402 can communicate with a MeNB 404 that
can control communication with terminal devices. In some aspects, terminal device can
communicate with the MeNB (e.g. for Voice over LTE services). The SeNB module 402 can
communicate with a MeNB 404 via any suitable communication link, such as, for example,
the X2 communication link depicted in FIG. 3. The MeNB 404 can also perform one or more
of RLC processing, MAC processing, and PDCP functions. In some aspects, the X2 traffic
can be encrypted by the PDCP layer in the MeNB 404.

[0071] Although FIG. 4 depicts a single SeNB module 402, other implementations are
possible. In some aspects, SeNB functionality may be distributed among multiple units of a
DAS. For example, a first unit of the DAS may include a first SeNB or or low-layer
processing module that performs PHY-layer processing, and another unit or set of units of the
DAS may include one or more additional SeNB or low-layer processing modules that
implement one or more of RLC-layer processing and MAC-layer processing.

Distributed PHY laver functionality

[0072] In some aspects, other base station functionality can also be distributed in other

communication systems that are used to extend wireless coverage of one or more base
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stations. For example, FIG. 5 depicts an example of a repeater system 500 that can include
distributed PHY layer functionality. In some aspects, the repeater system 500 can be
implemented using one or more repeater devices communicatively coupled to base stations
and to radio units, as depicted in FIG. 5. In additional or alternative aspects, the repeater
system 500 can be implemented using one or more devices of the DAS 202 depicted in FIG.
2.

[0073] In the example depicted in FIG. 5, a repeater 500 is communicatively coupled to
one or more base-station entities, base-station components (such as baseband units or remote
radio heads), or core-network entities. More specifically, in this example, the repeater 500 is
communicatively coupled to base stations 502a-b. The repeater 500 can include donor units
504a-b, a fronthaul termination interface 506a, a gateway 508, a distribution and aggregation
unit 510, and radio units 512a-d. The radio units 512a-d can be coupled to, or include,
antennas 514a-d for providing wireless coverage in an area. The radio units 512a-d can
include circuitry for, among other things, processing signals, up-converting and amplifying
signals, down-converting signals, and filtering signals. The distribution and aggregation unit
510 can include switching transport circuitry for communicating signals between the radio
units and the donor units 504a-b, fronthaul termination interface 506a, and the gateway 508.
[0074] The donor units 504a-b can include circuitry that can convert signals between
radio frequency analog signals and digital signals. The fronthaul termination interface 506a
can provide an interface for signals in standardized formats, such as CPRI and OBSAI
CloudRAN applications with 1Q interface (CPRI/OBSAI) can be supported by the fronthaul
termination interface 506a. The gateway 508 may also include in a fronthaul termination
interface 506b. Although various different examples of base stations 502a-b are shown, in
other aspects, one type of base station, and one type of interface, may be used.

[0075] The repeater 500 can distribute PHY layer functionality among different devices.
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The PHY layer functionality can be split between uplink PHY layer functionality (“PHY-U”)
516 and downlink PHY layer functionality (“PHY-D”) 518. The uplink direction in the
repeater 500 can include the signal path from a radio unit 512a-d towards a base station 502a-
b. The downlink direction in the repeater 500 can include the signal path from the base
station 502a-b towards the radio unit 512a-d. Each of the PHY-U 516 and PHY-D 518 can
be further split between primary and secondary physical layer functionality.

[0076] Donor units 504a-b can receive RF signals from base stations 502a-b or directly
from the air via a wireless antenna 520. For the LTE carriers being served by the integrated
LTE PHYs, the gateway 508 can terminate the fronthaul link with a base station hotel 522
(e.g., provide secure communication). The communication between MAC layer and PHY
layer with the base station hotel 522 can be terminated by a MACPHY message router 524.
For example, the MACPHY communication can use messages defined in the Femto
Application Programming Interface (“FAPI”) industry standard. The MAC layer can be
implemented in baseband units of the base station hotel 522. The base station hotel 522 can
also have a fronthaul termination (e.g., a secure gateway).

[0077] The MACPHY message router 524 can communicate with the secondary PHY-U
(“sPHY-U”) 526 via uplink media access control/physical interface (“MACPHY-U”) and
with the primary PHY-D (“pPHY-D”) 528 via downlink media access control/physical
interface (“MACPHY-D”). In some aspects, the sPHY-U 526 and pPHY-D 528 can be
included in the gateway 508, as depicted in FIG. 5. In other aspects, the sSPHY-U 526 and
pPHY-D 528 can be included in the distribution and aggregation unit 510 or the radio units
512a-d.

[0078] In some aspects, primary PHY-U (“pPHY-U”) 530 and secondary PHY-D
(“sPHY-D”) 532 are included in the radio units 512a-d. In additional or alternative aspects, a

radio unit 512a-d may include either PHY-U 516 (sPHY-U 526 + pPHY-U 530) or pPHY-U
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530. In additional or alternative aspects, a radio unit 512a-d may include either PHY-D 518
(sPHY-D 532 + pPHY-D 528) or sPHY-D 532.

[0079] In the example depicted in FIG. 5, the radio unit 512a includes PHY-U 516 and
PHY-D 518 functionalities. The radio unit 512b includes pPHY-U 530 and PHY-D 518
functionality. The distribution and aggregation unit 510 or the gateway 508 includes sPHY -
U 526 functionality for communicating with radio unit 512b. The radio unit 512¢ includes
pPHY-U 530 functionality and sPHY-D 532 functionality. The distribution and aggregation
unit 510 or the gateway 508 includes one or both sPHY-U 526 and pPHY-D 528
functionality for communicating with radio unit 512¢. The radio unit 512d includes PHY-U
516 functionality and sPHY-D 532 functionality. The distribution and aggregation unit 510
or the gateway 508 includes pPHY-D 528 functionality for communicating with radio unit
512d.

[0080] Although four radio units 512a-d are shown, any number of radio units can be
included in the repeater 500. In addition, various configurations of PHY layer functionality
split can be implemented in the repeater 500. In some repeaters, pPHY-U 530 and sPHY-D
532 functionalities are in the radio units 512a-d, while the other types of PHY layer
functionality may be in the radio units 512a-d or split and included in the distribution and
aggregation unit 510.

[0081] The repeater 500 may communicate digital packetized data using a modulated
broadband signal represented by an IQ stream. The packet data can be converted by a
modem at each end of the transport link. In some aspects the repeater 500 can communicate
packetized (e.g., Ethernet) data in which the 1Q streams are packetized and MACPHY / P2S
are embedded in the packet traffic. In additional or alternative aspects, the repeater 500 can
communicate packetized data and an IQ stream (e.g., CPRI) in which IQ signals are streamed

is antenna containers (“AxC”’) and MACPHY / P2S are transported via an embedded Ethernet
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link. The Ethernet link data format may be similar to 100baseFX (e.g., 4b5b encoding). In
additional or alternative aspects, the repeater 500 can communicate packetized data and 1Q
streams in which MACPHY / P2S are transported on an individual IQ stream that is
generated by a modem. In additional or alternative aspects, the repeater 500 can
communicate packetized data over an analog link or a digital RF link. MACPHY / P2S are
transported on an individual IQ stream that is generated by a modem. The IQ streams
(including the MACPHY / P2S stream) are modulated to a carrier frequency, and in the case
of digital RF transport digitally converted.

[0082] FIG. 6 is a block diagram of a PHY layer 600 that shows one example of a split
between the PHY layer modules described in FIG. 5. This example includes a split between
uplink and downlink processing and a split between secondary and primary processing. FIG.
6 depicts an example for a single carrier PHY with single-in-single-out (“SISO”) (e.g., one
antenna) for a particular assignment of the stages to PHY entities. The PHY entities can
handle multiple carriers and serve multiple antennas in a multiple-in-multiple-out (“MIMO”)
configuration. Depending on the implementation, different processing stages can be assigned
to the pPHY-U 602, pPHY-D 604, sPHY-U 606, and sSPHY-D 608 entities. For example, the
splits S2P-U 610 and S2P-D 612 between the PHY entities can communicate different types
of information depending on the assignment.

[0083] MACPHY-D 614 can include information to be transmitted that is processed by
pPHY-D 604 functions and the sSPHY-D 608 functions, which can include a transmit chain
(“TX-chain”) that can implement low power signal processes. The 1Q data 616a representing
carrier information can be received from the digital frontend transmit (“DFE-TX”) block and
1Q data 616b representing carrier information can be transmitted by the digital frontend
receive (“DFE-RX”) block. The split between primary and secondary physical layer

functionalities can be selected by an installer, system provider, or manager, depending on the
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component in which certain functions are to be performed in the system.

Combined SeNB and distributed PHY layer functionality

[0084] In some aspects, the distributed PHY layer functionality depicted in FIGs. 5 and 6
can be combined with the distributed SeNB functionality depicted in one or more of FIGs. 2-
4. For example, one or more of the low-layer processing modules 214a-d, 300, or 400
depicted in FIGs. 2-4 can implement one or more of the pPHY-U, pPHY-D, sPHY-U, or
sPHY-D functions depicted in FIGs. 5 and 6 in addition to the SeNB functionality described
herein.

[0085] FIG. 7 is a flow chart depicting an example of a process for distributing base
station functionality in a telecommunication system (e.g., a DAS, repeater, or radio access
network).

[0086] In block 702, data is transmitted between a unit and radio units of a
telecommunication system. The unit may be a head-end unit, an aggregation unit, or another
unit of the telecommunication system. One or more units of the telecommunication system
may include a low-layer processing module. In some aspects, the low-layer processing
module may be integrated into the unit. In additional or alternative aspects, the low-layer
processing module may be a plug-in card or other suitable device that can be installed in a
component in the telecommunication system.

[0087] In block 704, physical layer processing is performed in at least one of the unit and
a radio unit. In some aspects, physical layer processing may be split between uplink physical
layer processing and downlink physical layer processing. In additional or alternative aspects,
the unit and the radio unit may each perform a portion of the processing. For example, the
radio unit may perform uplink physical layer processing and the unit may perform downlink
physical layer processing.

[0088] In some aspects, the uplink physical layer processing can be split between
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secondary uplink physical layer processing and primary uplink physical layer processing. In
additional or alternative aspects, the downlink physical layer processing can be split between
secondary downlink physical layer processing and primary downlink physical layer
processing. For example, the radio unit may include a low-layer processing module that can
perform primary uplink physical layer processing. A head-end unit or other suitable unit in
communication with the radio unit may include a low-layer processing module that can
perform secondary uplink physical layer processing. In another example, the radio unit may
include a low-layer processing module that can perform primary uplink physical layer
processing and secondary downlink physical layer processing. A head-end unit or other
suitable unit in communication with the radio unit may include a low-layer processing
module that can perform secondary uplink physical layer processing and primary downlink
physical layer processing.

[0089] In block 706, radio transport layer processing is performed in at least one of the
unit and a radio unit. In some aspects, the unit may communicate mobile communication
signals with the radio unit. In additional or alternative aspects, the unit may communicate
mobile communication signals with a base-station entity, base-station component (such as a
baseband unit or remote radio head), or core-network entity. The mobile communication
signals may include digital RF data, baseband 1Q data, X2 data, and S1 data.

[0090] Although FIG. 7 depicts both of blocks 704, 706, other implementations are
possible. In one example, a telecommunication system (e.g., a DAS, a repeater) may omit
block 704 and perform SeNB processing using one or more of the features depicted in FIGs.
2-4. In another example, a telecommunication system (e.g., a DAS, a repeater) may omit
block 706 and perform SeNB processing using one or more of the features depicted in FIGs.
5 and 6.

[0091] For illustrative purposes, this disclosure includes references to “a SeNB module”
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and “a MeNB.” But any suitable implementation can be covered by the examples described
herein, including implementations involving one or more SeNB modules, one or more cells
serviced using one or more SeNB modules, one or more SeNBs being implemented using a
given SeNB module, one or more LTE cells being implemented using one or more SeNB
modules, one or more SeNB modules being used for one or more given providers being
serviced, one or more MeNBs in communication with one or more SeNB modules, etc.

[0092] The foregoing description, including illustrated examples, has been presented only
for the purpose of illustration and description and is not intended to be exhaustive or to limit
the subject matter to the precise forms disclosed. Various modifications, adaptations, and
uses thereof will be apparent to those skilled in the art without departing from this
disclosure’s scope. The illustrative examples described above are given to introduce the
reader to the general subject matter discussed here and are not intended to limit the scope of

the disclosed concepts.
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Claims

What is claimed is:

1. A telecommunication system, comprising:

an interface with circuitry configured to communicate with an external base-station
entity, base-station component, or core-network entity;

a plurality of radio units positionable in an area for providing wireless coverage to
terminal devices;

a unit communicatively coupleable between the interface and the plurality of radio
units; and

a low-layer processing module in at least one of the unit or a radio unit of the plurality
of radio units, the low-layer processing module configured to perform, across multiple units
in the telecommunication system, physical layer processing that is split between uplink

physical layer processing and downlink physical layer processing.

2. The telecommunication system of claim 1, wherein the uplink physical layer
processing is split between secondary uplink physical layer processing and primary uplink
physical layer processing,

wherein the downlink physical layer processing is split between secondary downlink

physical layer processing and primary downlink physical layer processing.

3. The telecommunication system of claim 2, wherein the radio unit includes a first low-
layer processing module configured to perform the primary uplink physical layer processing
and the downlink physical layer processing, wherein the unit includes a second low-layer

processing module configured to perform the secondary uplink physical layer processing.
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4. The telecommunication system of claim 2, wherein a radio unit of the plurality of
radio units includes a first low-layer processing module configured for the primary uplink
physical layer processing and the secondary downlink physical layer processing, wherein the
unit includes a second low-layer processing module configured for the secondary uplink

physical layer processing and the primary downlink physical layer processing.

5. The telecommunication system of claim 2, wherein a radio unit of the plurality of
radio units includes a first low-layer processing module configured for the uplink physical
layer processing and the secondary downlink physical layer processing, wherein the unit
includes a second low-layer processing module configured for the primary downlink physical

layer processing.

6. The telecommunication system of any of claims 1-5, wherein the low-layer processing
module is a Secondary eNodeB (“SeNB”) device and is further configured to perform radio

transport layer processing.

7. The telecommunication system of claim 6, wherein the SeNB device is further
configured to perform at least one of media access control layer processing, radio link control

processing, or packet data convergence protocol processing.

8. The telecommunication system of any of claims 1-7, wherein the low-layer processing

module is integrated into at least one first unit of the plurality of first units or the second unit.

9. The telecommunication system of any of claims 1-8, wherein the telecommunication
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system is at least one of a repeater communicatively coupled to the external base-station
entity, base-station component, or core-network entity to form a distributed base station, a

radio access network, or a distributed antenna system.

10.  The telecommunication system of any of claims 1-9, wherein the external base-station
entity, base-station component, or core-network entity comprises at least one of a baseband

unit, a remote radio head, a master eNodeB, and an entity in a core network.

11. A telecommunication system comprising:

a unit configured for receiving data from an external base-station entity, base-station
component, or core-network entity;

a plurality of radio units configured for wirelessly communicating RF signals with
terminal devices; and

a low-layer processing module communicatively coupled to the unit and at least one
radio unit of the plurality of radio units, the low-layer processing module configured for
processing the received data for transmission to the terminal devices using a radio transport

layer of the protocol.

12.  The telecommunication system of claim 11, wherein the low-layer processing module
is further configured for processing the received data for transmission to the terminal devices
using the physical layer of the protocol, and the processing is split between uplink processing

and downlink processing.

13.  The telecommunication system of claims 11 or 12, wherein the low-layer processing

module is a SeNB module integrated into at least one of the unit or a radio unit of the
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plurality of radio units.

14. The telecommunication system of claim 13, wherein the SeNB module is configured

to implement low-level protocols including radio link control and media access control.

15.  The telecommunication system of any of claims 11-14, wherein the unit is configured
to communicate mobile communication signals with the plurality of radio units, the mobile
communication signals comprising at least two types of data, wherein the two types of data

comprise digital RF data, baseband 1Q data, X2 data, and S1 data.

16.  The telecommunication system of any of claims 11-15, wherein the unit is configured
to communicate mobile communication signals with the external base-station entity, base-
station component, or core-network entity, the mobile communication signals comprising at

least two types of data, wherein the types of data comprise 1Q data, X2 data, and S1 data.

17. The telecommunication system of any of claims 11-16, wherein the
telecommunication system is at least one of a repeater communicatively coupled to the
external base-station entity, base-station component, or core-network entity to form a

distributed base station, a radio access network, or a distributed antenna system.

18.  The telecommunication system of any of claims 11-17, wherein the external base-
station entity, base-station component, or core-network entity comprises at least one of a

baseband unit, a remote radio head, a master eNodeB, and an entity in a core network.

19. A method comprising:
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transmitting data between a head-end unit and a plurality of radio units of a
telecommunication system, wherein the head-end unit is coupled to an external base-station
entity, base-station component, or core-network entity, wherein the plurality of radio units
wirelessly communicate with terminal devices, and wherein the telecommunication system
extends coverage of the external base-station entity, base-station component, or core-network
entity; and

performing SeNB functions in at least one of the head-end unit or a radio unit of the

plurality of radio units.

20.  The method of claim 19, wherein SeNB functions include radio transport layer

processing.

21. The method of claims 19 or 20, further comprising performing distributed physical

layer processing in at least one of the head-end unit or the radio unit.

22. The method of claim 21, wherein the distributed physical layer processing is
performed by splitting the distributed physical layer processing between uplink physical layer
processing and downlink physical layer processing, and wherein the head-end unit and the

radio unit each perform a portion of the processing.

23.  The method of any of claims 19-22, wherein the telecommunication system is at least

one of a repeater, a radio access network, or a distributed antenna system.

24.  The method of any of claims 19-23, wherein the external base-station entity, base-

station component, or core-network entity comprises at least one of a baseband unit, a remote
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radio head, a master eNodeB, and an entity in a core network.

25. A method comprising:

transmitting data between a head-end unit and a plurality of radio units of a
telecommunication system, wherein the head-end unit is coupled to a base-station entity,
base-station component, or core-network entity, wherein the telecommunication system
extends coverage of the base-station entity, base-station component, or core-network entity;
and

performing distributed physical layer processing in at least one of the head-end unit or

a radio unit of the plurality of radio units.

26.  The method of claim 25, further comprising performing SeNB functions in at least

one of the head-end unit or the radio unit.

27.  The method of claim 26, wherein the SeNB functions include radio transport layer

processing.

28.  The method of any of claims 25-27, wherein the distributed physical layer processing
is performed by splitting the distributed physical layer processing between uplink physical
layer processing and downlink physical layer processing, and wherein the head-end unit and

the radio unit each perform a portion of the processing.

29.  The method of any of claims 25-28, wherein the telecommunication system is at least

one of a repeater, a radio access network, and a distributed antenna system.
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30. The method of any of claims 25-29, wherein the external base-station entity, base-
station component, or core-network entity comprises at least one of a baseband unit, a remote

radio head, a master eNodeB, and an entity in a core network.

35



PCT/EP2016/063811

1/6

WO 2016/202893

m T _ oo
| |
_ Pl | _ - | 9Ll uoneIs
_ Jun oipey ! _ ! SINPON
_ _ aseg
| | [ | Buisseooid
_ | _ | 1afe7-M07
_ [ _ [
| |
XL
| \f wnopey [ | e |
_ - [ ! [ H0L
m “ m " uonels
| Qi | | %01 | °sed
-«
____luozdbeered | | un uoebeiBBy | %L
ittty _ | " () pus-pesH
! _ _ _
_ |
i G | i | Gh0}
_ % Jlun oipey | _ | <« uonElS
_ | | | aseg
! _ _ _
_ [ _ [
| | | |
_ [ _ [
_ ECL1L _ Ly |
! % Jun oipey | _ !
_ [ ! [ er0l
_ " _ 1]%° " uonels
| 347" | | HOMSN | aseg
_ auoz abesano) “ _ uonebaibby pue uonnquisiq “

L JN

Y 00}
¢01 Svd




PCT/EP2016/063811

WO 2016/202893

2/6

¢ Ol

981¢ Od°
PrLC INDTT - ]
e enz | | aree eroH
uone)g ase
yun opey ~ | —
aric - > I¥0C NN
ANdTT
q01¢ Ineyjuoi4
e INDTT 481¢ Od®
«—— > B0}, [Neyjuo
212 o0z Obe INEREOM »| erZz oIoH
JUN OIpeYy i uoljelS oseq
uonebaIbby |« » 0CZ 2INPON ZX
a g 4
aNsIN
-t -
@z - » (9l¢Jouoq
Jun opey < » 2 OINPO 1S | > B8l Od®
> > BOZZ SINPON ZX | > Ep0Z ANBIN
ecic ‘ >
N olpey - » Eglgiouoq [ ”_/
90¢ un puz-pesH
~

¢0¢ Svd




WO 2016/202893 PCT/EP2016/063811

3/6
S1 Toffrom
> core
S network
( )
X2 1l
[PDcP_] [[PDCP | T
l I
| RC ][ RC | R ][ Re |
] I | |
| MAC | | = |
MeNB 304 SeNB Module 302
LLPM 300
S1
( )
X2
[PDCP ] [ PDCP ] .
] I
| RLC || RLC | | RC |
1 I |
| MAC | | VIAC |
MeNB 404 SeNB Module 402
LLPM 400

FIG. 4



PCT/EP2016/063811

WO 2016/202893

]

4/6

G Ol

¢cs
—> [°I0H
uone)s aseg

qc0g

23
d-AHdS 828
916 d-AHdd
N-AHd 8c6
d-AHdd
PCIs « | | 925 N-AHdS
” " un opey
PYLS
23
d-AHdS 8z¢ 2§
:.ww_m% d-AHdd Jeynoy
AHdOVIN
Py o 4Re 9z8 . v
N Jun opey ["AHS 4905
neyjuol
ol dRe Ineyuol4
81G 805
a-AHd Aemaieo)
0¢g :
Triher :.WNI%
- qzis
Jun olpey B90g
[neyuol
bl
818
d-AHd 440G
916 Jouoq
N-AHd 018
BZ1S Jun uonebaibby By0S
Jun olpey pue uoynquisiq JouoQ

By1G

006 Jojeaday

uone)s aseg

e20g
uone)s aseg

]

0¢s




PCT/EP2016/063811

WO 2016/202893

5/6

600

pPHY-U

602

S2P-U
610
|

sPHY-U

606

Jaxa|dig
YN Jaydwy Jamod
UleyD-xy Uleyd X1
Xd 344 X134a

buiddewsp euusjuy

Buiddewsp 821nosay

uonenpows( eyeq

Buinesjisjujisg

Y- Buipods(

MACPHY-U

1Q 616b

1Q 616a

buiddew euusjuy

buiddew a21nosay

uonenpow ejleq

Buineapau)

INY- Buipo)

MACPHY-D
614

sPHY-D

PPHY-D

608

S2P-D

604

612

FIG. 6



WO 2016/202893 PCT/EP2016/063811

6/6

Transmit data between a unit and radio units of a telecommunication system.
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Perform physical layer processing in at least one of the unit and a radio unit.
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Perform radio transport layer processing in at least one of the unit and the radio unit.
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