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(57) Abstract: The present invention refers to to a device and a method for transmitting samples (47) of a digital baseband signal
(45) of a wireless communication network (11). In order to allow for efficient transmission of the digital baseband signal (45)
between a baseband processing device (17) and a remote radio head (13) with less strict timing requirements, a transmitting arrange -
ment (49) for transmitting samples (47) of the digital baseband signal (45) of a wireless communication network (11) is provided,
the transmitting arrangement (49) comprising a sample input (51) operable for receiving the samples of the digital baseband signal
(45); a local clock (57) operable for determining a current time (t); a timestamp generator (52) operable for generating at least one
timestamp (53) depending on the current time (t), the timestamp (53) being associated to at least one sample (47); and an output (55)
operable for outputting a signal (S), the signal (S) including the samples (47) and the at least one timestamp (53); wherein the trans-
mitting arrangement (49) is arranged for transmitting at least one baseband signal pattern and for transmitting an indication (r) that
indicates when the at least one baseband signal pattern shall be output. Furthermore, a respective receiving arrangement (61) is
provided.
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Device and Method for transmitting samples of a digital

baseband signal

Description

Field of the invention

The present invention refers to a device and a method for transmitting samples of a
digital baseband signal of a wireless communication network. In particular, the
invention refers to a transmitting arrangement for a wireless communication network, a
method for transmitting a signal, a receiving arrangement for a wireless communication
network, a method for reconstructing a digital baseband signal of a wireless
communication network, a gateway device for interconnecting a baseband processing
device and a remote radio head of a wireless communication network, and a computer

program product for executing said methods.

Background

It is known in the art to subdivide a base station for a wircless communication network,
such as a cellular radio access network, into a baseband processing device and at least
one radio head connected to the baseband processing device. Typically, the base station
comprises a cluster of multiple radio heads connected to the baseband processing
device. Usually, optical links are used in order to connect the remote radio heads to the
baseband processing device. Interfaces used for the communication between the
baseband processing device and the radio head have been specified (e.g. Common

Public Radio Interface, CPRI or Open Base Station Architecture Initiative, OBSAI).

Existing interfaces between the baseband processing device and the radio head are
based on high-performance connections used to deliver synchronous connections with a
controlled delay. The existing interfaces use a communication medium (e.g. optical
fiber) to synchronize the baseband processing device and the remote radio head with
cach other. According to these interfaces, the baseband processing device generates
samples with a sampling time Ts and sends them over the synchronous connection. At
the receiver side, the synchronization clock is reconstructed from the transmission

medium and used to control Digital to Analog Converters (DAC) of the remote radio
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head. In order to maintain the synchronization, a propagation delay on the synchronous
connection must be lower than the sampling time Ts. The quality of the synchronous

connection must be good enough to allow a precise reconstruction of a sampling clock.

Summary

A drawback of the known interfaces lies in their sensibility to delays in the synchronous
connection. A high delay or delay jitter may disturb the proper operation of the remote
radio head. In particular, the receiver of the remote radio head may fail to correctly
regenerate the sampling clock. As a consequence, it is difficult to use the known

interfaces in connection with packet switched networks such as a 10 Gigabit Ethernet.

The object of the present invention is to provide a radio access network with at least one
distributed base station comprising a baseband processing device and a remote radio
head that allows for efficient transmission of a baseband signal between the baseband
processing device and the remote radio head with less strict requirements in particular
regarding a transmission delay between the baseband processing device and the remote

radio head.

According to an embodiment, a transmitting arrangement for transmitting samples of a
digital baseband signal of a wireless communication network is provided, the
transmitting arrangement comprising a sample input operable for receiving samples of
the digital baseband signal; a local clock operable for determining a current time; a
timestamp generator operable for generating at least one timestamp depending on the
current time, the timestamp being associated with at least one sample; and an output
operable for outputting a signal, the signal including the samples and the at least one
timestamp. By generating the signal comprising not only the sample but also the
timestamp, an asynchronous transmission medium such as a switched network
comprising packet or frame switches with packet buffers can be used for the transport of
the signal. Due to the timestamps a receiving arrangement can reconstruct the original
synchronous digital baseband signal. Using the switched network allows for statistically
multiplexing the signal with other packet of frame flows or further signals comprising
samples of a different digital baseband signal. Statistically multiplexing increases the
mean utilization of the transmission resources of the switched network and therefore

allows implementing an efficient communication network.
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In an embodiment, the local clock comprises time reference circuitry including a time

reference receiver for receiving a time reference signal, preferably a GPS signal.

In an embodiment, the timestamp indicates a scheduled transmission time of the sample
to which the timestamp is associated and/or the transmitter is operable for transmitting
at least some samples independently of their scheduled transmission time. Transmitting
the at least one sample independently of the scheduled transmission time allows to
transmit the samples as soon as they are available for transmission, e.g. as soon as they
have been generated e.g. by a baseband signal processing device. Thus, the at least one
sample may be transmitted some time before the scheduled transmission time.
Therefore, variations e.g. in the transport delay of the switched network have no or little
impact on the quality of the reconstructed digital baseband signal. Moreover, a transmit

buffer in the transmitting arrangement is not needed.

In one embodiment, the timestamp is associated with a single sample, preferably with
cach sample. In another embodiment, the timestamp is associated with a group of
consecutive samples. Associating the timestamp to the group of samples allows for
packaging multiple samples into one data block that may be transmitted in one data

protocol unit (e.g. frame or packet) over the switched network.

In an embodiment, the signal includes at least one common baseband signal pattern to
be transmitted by multiple RF transmission devices and at least one specific baseband
signal pattern to be transmitted by a single RF transmission device. For example, the
common baseband signal pattern may include at least a part of a broadcast television
signal or a common part of a signal to be transmitted using Coordinated Multipoint
transmission (CoMP). The RF transmission device may be a remote radio head of the

wireless network.

According to another preferred embodiment, a method for transmitting a signal of a
wireless communication network is provided, the method comprising receiving samples
of a digital baseband signal; determining a current time; generating at least one
timestamp depending on the current time, the timestamp being associated with at least
one sample; and outputting the signal, the signal including the samples and the at least

one timestamp.
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In embodiment, the method is executing by the transmitting arrangement described
herein. According to another embodiment, a transmitting arrangement arranged for
executing the method for transmitting said signal of a wireless communication network

is provided.

According to yet another preferred embodiment, a receiving arrangement for receiving a
signal of a wireless communication network is provided, the receiving arrangement
comprising a signal input operable for receiving the signal, the signal including samples
of a digital baseband signal and at least one timestamp, the timestamp being associated
with at least one of said samples; a local clock running independently of the received
signal and operable for determining a current time; a signal generator for outputting the
digital baseband signal, the signal generator being operable for outputting at least one
sample at an instant of time that depends on the timestamp and the current time. The
receiving arrangement may be arranged for receiving the signal transmitted by the
transmitting arrangement and for reconstructing the digital baseband signal from the

received signal.

In an embodiment, the receiving arrangement comprises a signal processor arranged to
receive a set of transformation parameters, the set of transformation parameters
describing how to transform the digital baseband signal into at least one further digital
baseband signal, and to transform the digital baseband signal depending on the set of
transformation parameters. The receiving arrangement according to this embodiment
may be arranged for generating one or more further digital baseband signals by
transforming the digital baseband signal characterized by the signal transmitted by the
transmitting arrangement, said transforming depending on the transformation
parameters. Therefore, multiple further baseband signals may be generated that may be
required e.g. for energizing multiple antennas of an antenna array. For example,
beamforming may be implemented by energizing multiple antennas depending on said

further digital baseband signals.

Accordingly, the transmitting arrangement or another network element of the wireless
network may include a transformation parameter generator that is arranged for
generating the set of transformation parameters. The set of transformation parameters

may be transported to the receiving arrangement over the switched network. In an
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embodiment, the set of transformation parameters may be included in the same data
block or protocol data units in which the samples are included. In another embodiment,
they are transmitted using a flow of protocol data unit that is separate from a flow of

protocol data units comprising the signal (i.e. the samples and the timestamps).

In an embodiment, the receiving arrangement comprises a signal pattern buffer for
storing at least one baseband signal pattern and the receiving arrangement is operable
for outputting the at least one baseband signal pattern depending on a receipt of an
indication that indicates when the at least one baseband signal pattern shall be output.
Thus, recurring signal patterns may be stored in the signal pattern buffer and sent out
over the air interface repeatedly without the need to transport them multiple times over
the switched network. In an embodiment, the receiving apparatus is arranged for
receiving the at least one baseband signal pattern and for storing the received signal
pattern in the signal pattern buffer. In an embodiment, the indication may indicate

which signal pattern stored in the pattern buffer shall be sent out.

Accordingly, in an embodiment, the transmitting arrangement or another network
element of the wireless network may be arranged for transmitting the signal patterns

and/or said indication to the receiving arrangement.

According to another embodiment, a method for reconstructing a digital baseband
signal of a wireless communication network is provided, the method comprising
receiving a signal, the signal including samples of the digital baseband signal and at
least one timestamp, the timestamp being associated with at least one of said samples;
determining a current time by a local clock running independently of the received
signal; and generating the digital baseband signal by outputting at least one sample at an

instant of time that depends on the timestamp and the current time.

Preferably, the method may be executed by a receiving arrangement described herein.
According to an embodiment, a receiving arrangement arranged for executing the

method for reconstructing the digital baseband signal is provided.

According to yet another embodiment, a gateway device for interconnecting a baseband
processing device and a remote radio head of a wireless communication network with

cach other is provided, the gateway device comprising the receiving arrangement
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described herein arranged for receiving a downlink signal including samples and
timestamps from the baseband processing device and for forwarding a downlink digital
baseband signal reconstructed from the received signal to the remote radio head; and a
transmitting arrangement described herein arranged for receiving an uplink digital
baseband signal from the remote radio head and outputting an uplink signal including

samples and timestamps to the baseband processing device.

According to still another embodiment, a baseband signal processing device of a
wireless communication network operable for generating samples of a downlink digital
baseband signal destined to a remote radio head of the communication network and for
receiving samples of an uplink digital baseband signal originating from the remote radio
head is provided, wherein the baseband signal processing device comprises a
transmitting arrangement described herein arranged for receiving samples of the
downlink digital baseband signal and outputting an downlink signal including the
samples and the timestamps; and a receiving arrangement described herein arranged for
receiving an uplink signal including samples and timestamps and regenerating the
samples of the uplink digital baseband signal. The receiving arrangement may

regenerate the digital baseband signal from the uplink signal.

According to a further embodiment, a computer program product, preferably a computer
readable storage medium is provided, the computer program product comprising a
computer program programmed for executing a method described herein when run on a
computer. The computer readable storage medium may include semiconductor memory,
magnetic storage media or optical storage media. Furthermore, the computer program

product, preferably the computer program, may be provided by a server for download.

Brief description of the figures
Exemplary embodiments and further advantages of the present invention are shown in

the Figures and described in detail hereinafter.

Figure 1 shows a wireless communication network according to a first
embodiment;
Figure 2 shows an uplink transmission path and a downlink transmission path

within a virtual base station of the network of Figure 1;
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Figure 3 shows a transmitting arrangement for transmitting a signal comprising
samples of a digital baseband signal and timestamps associated with the
samples;

Figure 4 shows a receiving arrangement for receiving the signal transmitted by the
transmitting arrangement of Figure 3 and regenerating the digital
baseband signal;

Figure 5 shows a part of a wireless communication network according to a second
embodiment; and

Figure 6 shows a part of a wireless communication network according to a third

embodiment.

Description of the embodiments

The description and drawings merely illustrate the principles of the invention. It will
thus be appreciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope. Furthermore, all
examples recited herein are principally intended expressly to be only for pedagogical
purposes to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventors to furthering the art, and are to be construed as
being without limitation to such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are intended to encompass equivalents

thereof.

Figure 1 shows a radio access network 11 according to an embodiment of the present
invention. The network 11 comprises one or more remote radio heads 13 and at least
one cluster 15 with each cluster 15 including one or more baseband processing devices
17 arranged for performing baseband processing. Baseband processing may include
signal processing, ¢.g. modulation, coding, beamforming, coordinated multipoint
transmission (CoMP), etc., and/or processing of communication protocols of the
network 11. In the shown embodiment, the network 11 has different clusters 15 with
cach cluster 15 performing a certain type of functions to be carried out in the network

11. In particular, a first cluster 19 is arranged for performing a physical layer
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processing, in particular signal processing. A second cluster 21 is operable to perform
protocol operations such as MAC protocol signaling. However, the present invention is
not limited to embodiments according to which at least one cluster 15 is dedicated to a
certain type of functions. In another embodiment, at least one cluster 15 is operable to

perform multiple types of functions or all baseband processing functions of the network

11.

The remote radio heads 13 are arranged for communicating over an air interface 23 with
at least one mobile terminal 25. Therefore, the remote radio head 13 comprises a radio
frequency (RF) transceiver (not shown) that may be connected with an antenna 27. Each
remote radio head 13 has a baseband port 29 connected via an interconnection
arrangement 31 to a gateway 33. In the shown embodiment, a group of remote radio
heads 13 is connected to a single gateway 33. Because the shown network 11 has two
groups of remote radio heads 13, two gateways 33 are provided. Each gateway 33 is
connected to a switched network 35 of the access network 11. Because the baseband
processing devices 17 of the clusters 15 are also connected to the switched network 35,
the gateways 33 may communicate with the baseband processing devices 17 over the
switched network 35 and with the remote radio heads 13 over the interconnection
arrangement 31. That is, the gateways 33 couple the remote radio heads 13 with the

baseband processing devices 17 of the clusters 15.

The switched network 35 may be a packet switched network including at least one
packet switch 37. In the shown embodiment, the switched network 35 is a 10GB
Ethernet network. More specifically, the switched network 35 has a Software Defined
Networking (SDN) architecture, i.¢. at least a part of control plane functions of the
switched network 35 may be performed by a controller 39 which is separate from the
packet switch 37. Consequently, the switch 37 performs user plane operations, such as
frame or packet forwarding, under the control of the controller 39. For example, the
packet switch 37 and a controller 39 may be coupled with each other and interwork with
each other according to the OpenFlow specification (see www.openflow.org). However,
the present invention is not limited to this type of switched network 35. In particular,

instead of using SDN, a conventional switched network may be applied. Furthermore,
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the invention is not limited to Ethernet; any type of network, in particular switched

network, may be applied to connect the clusters 15 and the gateways 33 with each other.

Because the switched network 35 typically includes packet buffers which are normally
located in the switch 37, a packet transport delay of packets transmitted between the
gateways 33 and the clusters 15 depends on a momentary size of the packet buffer,
which in turn depends on the current network load. As a consequence, there is no strict
temporal relationship between a transmission of a packet at one node 15, 33 in the
switched network 35 and the reception of that packet at another node 33, 15. Therefore,
a part of the access network 11 including the switched network 35, the clusters 15 and a

part of the gateways 33 is referred to as asynchronous part 41 of the access network 11.

In contrast to the switched network 35, the interconnection arrangement 31 guarantees a
rather strict temporal relationship of the instant when a packet is transmitted by one
node 29, 33 connected to the interconnection arrangement 31 and a reception time of
that packet at another node 33, 29 connected to the interconnection arrangement 31.
Accordingly, the interconnection arrangement and the nodes 13, 33 connected to it
belong to a synchronous part 43 of the network 11. The gateways 33 interconnect the
asynchronous part 41 and the synchronous part 43 und thus belong to both the
asynchronous part 41 and the synchronous part 43.

In the shown embodiment, this strict temporal relationship is achieved by avoiding
statistical multiplexing of packets transmitted over the interconnection arrangement 31.
Accordingly, the interconnection arrangement 31 may include point-to-point links
between the remote radio head 13 and the gateway 33. In addition or alternatively to the
point-to-point links, a dedicated amount of transmission resources of the
interconnection arrangement 31 may be applied to the individual pairs of remote radio
heads 13 and gateways 33. For instance, the wavelength division multiplex (WDM)
may be applied and each pair of remote radio heads 13 and gateway 33 of a single

interconnection arrangement 31 may have a dedicated wavelength.

When operating the access network 11, the clusters 15 and the remote radio head 13
cooperate with each other in order to perform downlink transmissions, uplink

transmissions or other operations of a base station. That is, the clusters 15 and the
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remote radio head 13 form a distributed base station of the access network 11. Because
baseband processing is performed by the baseband processing devices 17 of the clusters
15, the network 11 comprising at least one distributed base station is also referred to as
"virtual radio access network” or “cloud radio access network”. The remote radio head
13 is not required to be aware of the exact association of baseband processing tasks to

the individual baseband processing devices 17.

The baseband processing devices 17 can identify and contact any remote radio head 13
based on an address (e.g. an IP address and/or a port number of an IP-based transport
protocol such as UDP or TCP). Known quality of service mechanisms can be used in
the switched network 35 in order to guarantee ¢.g. a maximum transport delay or
maximum Round Trip Time (RTT) of packets to be transported over the switched
network 35. Consequently, dedicated allocation of transmission resources, ¢.g. by using
point-to-point links is only required in the synchronous part 43 of the access network
11, whereas known quality of service mechanism are sufficient in the asynchronous part
41 of the access network 11. Moreover, nodes of the asynchronous part 41 of the
network 11, in particular the baseband processing devices 17, may be implemented as
microcomputers having a general purpose micro processor and ¢.g. a conventional
Ethernet interface. In particular, standard Personal Computer (PC) technology may be
applied to implement the clusters 15 or the baseband processing devices 17.
Microcomputers with general purpose processors, in particular the PC computer
architecture, typically allow for baseband processing with a high throughput due to their
comparatively high computing capacity but typically cannot comply with strict timing
requirements of the communication with the remote radio heads 13 over the
interconnection arrangement 31. By using a timestamp-based approach, which will be
explained in detail below, it is possible to comply with the strict timing requirements in
the synchronous part 43 and using equipment that can comply with less strict timing
requirements only in the asynchronous part 41, such as the switched network 45 and the

clusters 15.

Referring to Figure 2, the operation of the radio access network 11 is described in more
detail. When performing a downlink transmission, a baseband processing device 17

generates data, e.g. signaling data, or receives data such as payload data, e.g. from a
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core network or from a different baseband processing device 17. Depending on the
received or generated data, the baseband processing device 17 generates a digital
baseband signal 45. In the shown embodiment, the digital baseband signal 45 is
represented in the time domain, i.e. the digital baseband signal 45 comprises equidistant
samples with an interval between two consecutive samples corresponding to a sampling
interval Ts. In the shown embodiment, the digital baseband signal is a complex valued
signal, each sample 47 comprising a value of a real part of the sample and the value of
an imaginary part of the sample. Thus, the samples 47 are also referred to as 1Q
samples. A transmitting interface arrangement 49 of the baseband processing device 17

receives the digital baseband signal 45 including the samples 47.

As shown in Figure 3, the transmitting interface arrangement 49 comprises a sample
receiver 51 for receiving the samples 47 of the digital baseband signal 45. Furthermore,
the transmitting interface arrangement 49 includes timestamp generator 52 for
generating at least one timestamp 53 and for associating the timestamp 53 to at least one
sample 47. In one embodiment, the timestamp generator 52 may generate pairs of
samples 47 and the respective timestamp 53 associated with that sample 47. The pair of
the timestamp 53 and the sample 47 may be included in a data block. One or more of
such data blocks may be included in a packet (e.g. IP packet or Ethernet frame) to be
transmitted over the switched network 35. In another embodiment, the timestamp 53
may be associated with a group of samples 47, preferably with a group of consecutive
samples 47, as shown in dashed lines in Figure 3. An output 55 of a transmitting
interface arrangement 49 is arranged for outputting a signal S that includes the samples

47 and the timestamps 53.

In addition, the transmitting interface arrangement 49 comprises a local clock 57. The
local clock 57 may include time reference circuitry 59 for receiving a time reference
signal such as a GPS signal (labeled with GPS in Figure 3). The timestamp generator 52
uses a current time t determined by the local clock 57 in order to calculate the value of
cach timestamp 53. In one embodiment, the timestamp generator 52 just calculates a
value that characterizes a current time t as the timestamp 53. In another embodiment the
timestamp generator 52 not only uses the current time t but also additional information a

related to the transmission time of the samples 47. The additional information a may be



10

15

20

25

30

WO 2014/005759 PCT/EP2013/060559

12—

generated by the baseband processing device 17 which generates the samples 47. Using
the current time t and the additional information a, the timestamps 53 are calculated
such that they describe the transmission time when the respective samples 47 shall be
transmitted by the gateway 33 to be received by the remote radio head 13 (scheduled
transmission time). Consequently, the timestamps do not depend on a transport delay of

the switched network 35.

In the embodiment using the additional information a, the baseband processing device
17 may generate the samples 47 before the scheduled transmission time and forwarding
them immediately to the timestamp generator 52. For example, the additional
information a may include a time interval between the current time t and the scheduled
transmission time. The signal S output by the signal output 55 is transmitted over the

switched network 35 to the gateway 33.

The gateway 33 has a receiving arrangement 61 for receiving the signal S and
regenerating the digital baseband signal 45. As shown in Figure 4, the receiving
arrangement 61 has a signal input 61 for inputting the signal S including the samples 47
and the timestamps 53. The samples 47 and the respective timestamps 53 are stored in a
signal input buffer 65 of the receiving arrangement 61. A signal generator 67 of the
receiving arrangement 61 is arranged for generating the digital baseband signal 45
depending on the samples 47 and timestamps 53 of the signal S. To this end, the signal
generator 67 can remove the samples 47 and the respective timestamps 53 from the
signal input buffer 65. In particular, the signal generator 67 generates a sample 47 of the
digital baseband signal 45 as soon as the scheduled transmission time described by the
timestamp 53 of the corresponding sample 47 of the signal S corresponds to the current
time t. The scheduled transmission time is the time when a certain sample 47 shall be

outputted by the receiving arrangement 61 to the interconnection arrangement 31.

As a consequence, the signal generator 67 generates the baseband signal 45 according to
the scheduled transmission time determined by the baseband processing device 17 and
included into the signal S by the timestamp generator 52. In order to determine the
current time t, the receiving arrangement 61 may comprise a local clock 57 at least
similar to the local clock 57 of the transmitting arrangement. The local clock 57 is

arranged for running independently of the received signal S; the local clock 57 does not



10

15

20

25

30

WO 2014/005759 PCT/EP2013/060559

— 13—

need the signal S to be present or to comply with certain timing requirements in order to
operate correctly. In particular, the local clock 57 may include time reference circuitry
59 to receive a time reference signal such as a GPS signal. In the preferred embodiment,
both the transmitting arrangement 49 and the receiving arrangement 61 generate their
current time t depending on the same time reference signal (e.g. GPS signal) in order to
achieve a synchronization of the local clocks 57 of the two arrangements 49, 61 with

each other.

In the preferred embodiment, the signal generator 67 is arranged for retrieving the
samples 47 from signal input buffer 65 in an ascending order of their timestamps 53.
Retrieving the samples 47 in the ascending order from of the timestamps 53 the signal
input buffer 65 has the effect that the baseband signal 45 is not distorted even if packet
reordering in the switched network 35 occurs. Using the input buffer 65 allows thus for

reordering samples that have been received out of sequence.

Due to packet loss in the switched network 35, one or more samples 47 may be lost
during their transmission over the switched network 35. Thus, the signal generator 67
may be arranged for correct loss of samples 47, e¢.g. by inserting at least one further
sample 69. This further sample 69 may have a predefined value (e.g. zero) or may be

interpolated using the values of other samples 47, preferably neighboring samples 47.

In an embodiment, the baseband processing device 17 may stop generating samples 47
while no radio signal has to be transmitted over the air interface 23. In this case, the
timestamp generator 52 will not output samples 47 or timestamps 53 anymore and the
signal S will not be transmitted over the switched network 35. When the receiving
arrangement 61 does not receive the signal S, the signal generator 67 may generate a
sequence of further samples 69 in cases where the remote radio head 13 requires a

continuous baseband signal 45 in order to generate an internal clock signal.

The digital baseband signal 45 is then transmitted over the interconnection arrangement
31, e.g. a point-to-point link between the gateway 33 and the remote radio head 13, and
received by the remote radio head 13. Because the interconnection arrangement 31
belonging to the synchronous part 43 complies with strict timing requirements, a

conventional digital baseband signal interface such as CPRI or OBSAI may be applied
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for the communication between the gateways 61 and the remote radio head 13. A digital
to analog and analog to digital converter 71 of the remote radio head 13 generates an
analog baseband signal and RF-circuitry 73 generates an RF-signal to be transmitted via

the antenna 27 over the air interface 23 to the terminal 25.

Using the timestamps 53 allows transmitting the samples 47 over the switched network
as soon as they have been generated by the baseband processing device 17 and thus for
reducing the impact of a transmission delay over the switched network 35. As a
consequence, signal integrity can be optimized by carefully dimensioning computation
speed, transmission delay over a switched network 35 and the size of the signal input
buffer 65 of the gateway 33. As a result, a fast enough computation in the baseband
processing device 17 can compensate for comparatively long and in-deterministic
transmission delays in the switched network 35, allowing the use of a much broader
spectrum of topologies and technologies, and relaxing the requirements from hard real
time constraints to quality of service constraints concerning mainly average values of
transmission delay and bitrates. The network 11 is robust with respect to loss of some
samples 47 because the missing sample can be detected by analyzing the timestamps 53

and the digital baseband signal 45 can be reconstructed if necessary, as described above.

In the shown embodiment, the digital baseband signal 45 is represented in the time
domain in the form of a sequence of 1Q samples 47. However, the present invention is
not limited to that representation of the baseband signal 45. Instead of the IQ samples
47, a different representation of the baseband signal 45 may be used on the
interconnection arrangement 31, from which representation the sequence of 1Q samples
may be derived. The digital baseband signal 45 may comprise the samples 47 arranged
at equidistant time instances with a distance between the samples 47 corresponding to a
sampling interval Ts. Because of the regular and equidistance arrangement of the
samples 47 in the time domain, the digital baseband signal does not need timestamps.
Thus, in the shown embodiments, the digital baseband signal does not include

timestamps.

For uplink transmissions, the gateway 33 has a transmitting arrangement 49’ and the
baseband processing device 17 has a receiving arrangement 61°. In the shown

embodiment, the transmitting arrangement 49 does not generate the further information
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a and the timestamp generator 52 generates the timestamps 53 depending on the current
time t only in order to record the actual time of reception of the corresponding samples

47 at the interconnection arrangement 31.

An uplink transmission path begins at a terminal 25 which transmits an RF-signal over
the air interface 23. The remote radio head 13 receives the RF-signal via the antenna 27.
The RF-circuitry 73 processes the RF-signal and converts it into analog baseband signal
which is converted by the converter 71 into an uplink digital baseband signal 45. The
remote radio head 13 transmits the uplink digital baseband signal 45 over the
interconnection arrangement 31 to the gateway 33. The gateway 33 passes the uplink
digital baseband signal 45 to the further transmitting interface arrangement 49’ which
generates the signal S. The signal S is transmitted over the switched network 35 to the
baseband processing device 17. The further receiving arrangement 61 of the baseband

processing device 17 reconstructs the uplink digital baseband signal 45.

As shown e.g. in Figure 2, the shown embodiment uses the GPS signal as a common
time reference for both the baseband processing device 17 and the gateway 33. The
gateway 33 can therefore receive the UTC time (in seconds) in two synchronized
signals: a pulse per second (PPS) signal and a 10 MHz clock signal. By combining this
information, the gateway 33 may generate the timestamps 53 with a precision of 107 s.
If higher precisions are needed, phase locked loops (PLLs) or other components can be
used to multiply the GPS clock rate to reach the desired frequency needed for the higher

precision.

In the embodiment shown in Figures 1 and 2, the gateway 33 and the remote radio head
13 are separate network elements connected with each other with a comparatively long
interconnection arrangement 31 such as a point-to-point link of several meters or more.
However, in another embodiment, the gateway 33 is integrated into the remote radio
head 13. That is, the remote radio heads 13 and the gateway 33 from a single network
element or device. The remote radio head 13 and the gateway 33 may be included in a
single case. Such a remote radio head 13 may have a simplified interconnection
arrangement 31, which is also integrated into the remote radio head 13, the simplified
interconnection arrangement 31 may comprise a simple optical or electrical point-to-

point link. On the integrated interconnection arrangement, complex and/or standardized
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interfaces such as CPRI or OPRSI can be avoided and other or simpler interfaces may

be implemented.

Figure 5 shows a radio access network 11 having remote radio heads 13 with integrated
gateways 33. In the shown example, n remote radio heads 13 transmit radio signals
depending on n further digital baseband signals 45a that are calculated by means of a
signal processing algorithm depending on the digital baseband signal 45. An exemplary
application of such a set of derived further baseband signals is beam-forming, where
cach antenna needs at least one different further baseband signal 45a which is obtained
by applying a well-defined skew/transformation on the digital baseband signal 45. In
order to avoid simultancous transmissions of all further baseband signals over the
switched network 35, a signal processor 68 of the receiving arrangement 61 of the
gateway 33 has an input for inputting a set of transformation parameters p which
describe how to transform the digital baseband signal 45 into the further digital
baseband signals45a to be used within the individual remote radio heads. The signal
processor 68 of the receiving arrangement 61 in the downlink signal path is arranged for
receiving a set of transformation parameters p and to transform the digital baseband
signal 45 into a further digital baseband signal 45a depending on the set of

transformation parameters related to that further digital baseband signal 45a.

The baseband processing device 17 may transmit a different set of transformation
parameters p to the gateways 33 of the individual remote radio heads 13 in order to
instruct the individual remote radio heads 13 to transform the digital baseband signal 45
in a different way so as to generate multiple different further baseband signals 45a at
different remote radio heads 13. The digital baseband signal 45 may be multicasted over
the switched network 35 to the remote radio heads 13. During signal transmission, each
gateway 33 integrated in the radio head 13 transforms the digital baseband signal 35

according to the set of transformation parameters p.

Furthermore, the receiving arrangement 61 of the gateway 33 may comprise a signal
pattern buffer 75 for storing sequences of samples 47 of recurring signal patterns such
as pilot signals or the like. Such signal patterns are transmitted regularly from the access
network 11 to the terminals 25 so that terminals 25 entering the network 11 can identify

a (virtual) base station implemented in the network 11 and interact with the base station.
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These recurring patterns are at least almost constant and typically depend on the
network configuration. In an embodiment, the baseband processing device 17 transmits
one or more signal patterns to the gateway 33, and the receiving arrangement 61 of the
gateway 33 receives the signal patterns over the signal input 63 and stores them into the
signal patterns buffer 75. When the signal patterns have been stored in the signal pattern
buffer 75 then the baseband processing device 17 may just send an indication r to the
gateway 33 that indicates when certain signal pattern must start. As illustrated in Figure
4, the signal generator 67 may be arranged for generating a part of the digital baseband
signal 45 depending on a signal pattern stored in the pattern buffer 75. The signal
generator 67 may be arranged for receiving the indication r and for generating the
digital baseband signal pattern depending on a stored signal pattern identified by the
indication r beginning at a time instant specified in the indication r. Consequently,
redundant transmissions of the signal patterns over the switched network 35 can be

avoided.

Figure 6 shows a scenario where multiple remote radio heads 13 transmit different
signals but each of the different signals have a common part which is identical for each
of this group of multiple remote radio heads 13. A common part of the signal may
include common content destined to multiple terminals 25 such as broadcast TV. When
transmitting broadcast TV over the access network 11, some data are broadcasted to

several terminals 25 in various radio cells simultancously.

Furthermore, using Coordinated Multipoint transmission (CoMP) may lead to multiple
baseband signals to be transmitted to different remote radio heads 13, which multiple
signals have an identical common part. In a certain variant of CoMP called joint
processing, spatial diversity from different antenna systems connected to different
remote radio heads 13 is ensured either non-coherently (e.g. sending complementary
Forward Error Correction (FEC) parity bits at the input of the channel decoder) or
coherently (e.g. in phase combining at the input of the demodulator). For coherent joint
processing, the same radio symbols must be inserted in this stream at the same time by
various antenna systems participating to the joint processing. This same radio symbols

form a common part of the signal to be transmitted to different remote radio heads 13.
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In the embodiment shown in Figure 6, the common part of the signals is transmitted by
multicast to the gateways 13 and the remaining part of the signals, which is specific to
cach remote radio head 13 of a set multiple radio heads 13 is transmitted by unicast to
the gateways 33 connected to the remote radio heads 13. Using multicast for the

common part of the signals reduces bandwidth needs in the switched network 35.

To sum up, the embodiments described herein allow for transmission of the samples 47
asynchronously over the asynchronous part 41 of the network 11, in particular over the
switched network 35. The gateway 33 is located as closely as possible to the remote
radio head 13. The gateway 33 translates the asynchronous packet or frame flow (signal
S) into a synchronous 1Q sample stream (digital baseband signal 45). Asynchronous
transmission of the samples 47 is enabled by using a common time reference. The
samples 47 are time stamped with their scheduled transmission time or their exact
reception time, respectively, before being sent over the asynchronous connection
provided by the switched network 35. The gateway 33 uses the timestamps 53 to

regenerate the synchronous flow of samples 47, i.e. the digital baseband signal 45.
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Claims

1. Transmitting arrangement (49) for transmitting samples (47) of a digital
baseband signal (45) of a wireless communication network (11), the transmitting
arrangement (49) comprising
— a sample input (51) operable for receiving the samples of the digital

baseband signal (45);

— a local clock (57) operable for determining a current time (t);

- a timestamp generator (52) operable for generating at least one
timestamp (53) depending on the current time (t), the timestamp (53)
being associated with at least one sample (47); and

— an output (55) operable for outputting a signal (S), the signal (S)
including the samples (47) and the at least one timestamp (53);

wherein the transmitting arrangement is arranged for transmitting at least one

baseband signal pattern and for transmitting an indication (r) that indicates when

the at least one baseband signal pattern shall be output.

2. Transmitting arrangement (49) according to claim 1, wherein the local clock
(57) comprises time reference circuitry (59) including a time reference receiver

for receiving a time reference signal, preferably a GPS signal (GPS).

3. Transmitting arrangement (49) according to claim 1 or 2, wherein the timestamp
(53) indicates a scheduled transmission time of the sample (47) to which the
timestamp (53) is associated and/or wherein the transmitting arrangement (49) is
operable for outputting at least some samples (47) independently of their

scheduled transmission time.

4. Transmitting arrangement (49) according to one of the precedent claims,
wherein the timestamp (53) is associated with a single sample (47), preferably

with each sample (47) or to a group of consecutive samples (47).

5. Transmitting arrangement (49) according to one of the precedent claims,
wherein the signal (S) includes at least one common baseband signal pattern to

be transmitted by multiple RF transmission devices (13) and at least one specific
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baseband signal pattern to be transmitted by a single RF transmission device

(13).

6. Method for transmitting a signal (S) of a wireless communication network, the

method comprising

- receiving samples (47) of a digital baseband signal (45);

- determining a current time (t);

- generating at least one timestamp (53) depending on the current time (t),
the timestamp (53) being associated with at least one sample (47); and

- outputting the signal (S), the signal (S) including the samples (47) and
the at least one timestamp (53);

wherein the method comprises for transmitting at least one baseband signal

pattern and transmitting an indication (r) that indicates when the at least one

baseband signal pattern shall be output.

7. Method according to claim 6, wherein the method is executed by a transmitting

arrangement (49) according to one of claims 1 to 5.

8. Receiving arrangement (61) for receiving a signal (S) of a wireless

communication network (11), the receiving arrangement (61) comprising

- a signal input (63) operable for receiving the signal (S), the signal
including samples (47) of a digital baseband signal (45) and at least one
timestamp (53), the timestamp (53) being associated with at least one of
said samples (47);

- a local clock (57) running independently of the received signal (S) and
operable for determining a current time (t);

- a signal generator (67) for outputting the digital baseband signal (45), the
signal generator (67) being operable for outputting at least one sample
(47) at an instant of time that depends on the timestamp (53) and the
current time (t);

wherein the receiving arrangement (61) comprises a signal pattern buffer (75)

for storing at least one baseband signal pattern and wherein the receiving

arrangement (61) is operable for outputting the at least one baseband signal
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pattern depending on a receipt of an indication (r) that indicates when the at least

one baseband signal pattern shall be output.

Receiving arrangement (61) according to claim 8, wherein the receiving
arrangement (61) comprises a signal processor (68) arranged to receive a set of
transformation parameters (p), the set of transformation parameters (p)
describing how to transform the digital baseband signal (45) into at least one
further digital baseband signal (45a), and to transform the digital baseband

signal (45) depending on the set of transformation parameters (p).

Method for reconstructing a digital baseband signal (45) of a wireless

communication network (11), the method comprising

- receiving a signal (S), the signal (S) including samples (47) of the digital
baseband signal (45) and at least one timestamp (53), the timestamp (53)
being associated with at least one of said samples (47);

- determining a current time (t) by a local clock (57) running
independently of the received signal (S); and

- generating the digital baseband signal (45) by outputting at least one
sample (47) at an instant of time that depends on the timestamp (53) and
the current time (t);

wherein the method comprises storing at least one baseband signal pattern in a

signal pattern buffer (75) and outputting the at least one baseband signal pattern

depending on a receipt of an indication (r) that indicates when the at least one

baseband signal pattern shall be output.

Method according to claim 10, wherein the method is executed by a receiving

arrangement according to claim 8 or 9.

Gateway device (33) for interconnecting a baseband processing device (17) and

a remote radio head (13) of a wireless communication network (11) with each

other, the gateway device (33) comprising

- a receiving arrangement (61) according to claim 8 or 9 for receiving a
downlink signal (S) including samples (47) and timestamps (53) from the

baseband processing device (17) and for forwarding a downlink digital
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baseband signal (45) reconstructed from the received signal (S) to the
remote radio head (13); and

- a transmitting arrangement (49°) for receiving an uplink digital baseband
signal (45) from the remote radio head (13) and outputting an uplink
signal (S) including samples (47) and timestamps (53) to the baseband
processing device (17), wherein the transmitting arrangement (49)
comprises a sample input (51) operable for receiving the samples of the
digital baseband signal (45); a local clock (57) operable for determining
a current time (t); a timestamp generator (52) operable for generating at
least one timestamp (53) depending on the current time (t), the
timestamp (53) being associated with at least one sample (47); and an
output (55) operable for outputting a signal (S), the signal (S) including
the samples (47) and the at least one timestamp (53).

13.  Baseband signal processing device (17) of a wireless communication network
(11) operable for generating samples (47) of a downlink digital baseband signal
(45) destined to a remote radio head (13) of the communication network (13)
and for receiving samples (47) of an uplink digital baseband signal (45)
originating from the remote radio head (13), wherein the baseband signal
processing device (17) comprises
- a transmitting arrangement (49) according to one of claims 1 to 5 for
receiving samples (47) of the downlink digital baseband signal (45) and
outputting an downlink signal (S) including the samples (47) and the
timestamps (53); and

- a receiving arrangement (61°) for receiving an uplink signal (S)
including samples (47) and timestamps (53) and regenerating the
samples (47) of the uplink digital baseband signal (45), wherein the
receiving arrangement (61) comprises a signal input (63) operable for
receiving the signal (S), the signal including samples (47) of a digital
baseband signal (45) and at least one timestamp (53), the timestamp (53)
being associated with at least one of said samples (47); a local clock (57)
running independently of the received signal (S) and operable for

determining a current time (t); and a signal generator (67) for outputting
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the digital baseband signal (45), the signal generator (67) being operable
for outputting at least one sample (47) at an instant of time that depends

on the timestamp (53) and the current time (t).

14. Computer program product, preferably a computer readable storage medium, the
computer program product comprising a computer program programmed for

executing a method according to claim 6, 7, 10 or 11 when run on a computer.
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