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RADIO COMMUNICATION RECEIVER 
APPARATUS AND METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a radio communi 
cation receiver apparatus for processing multiple radio fre 
quency bands in a telecommunication system, and to a 
method performed in Such an apparatus. 

BACKGROUND 

0002 For many years the deployment of telecommunica 
tion systems, for different standards and many frequency 
bands, has been realized to a large extent by placing radio 
base stations (RBS) in cellular networks covering large areas. 
An important link in a traditional radio base station architec 
ture is between the active parts of the system (that is the digital 
and analog components of the system) to the passive parts 
(such as the filters and antennas). This high-power analog 
radio-frequency (RF) link is critical in the sense that it some 
times requires long cables of high quality and large dimen 
sions, in order keep the unavoidable signal quality losses and 
power losses to a minimum. Such links suffer from the dis 
advantage of having high costs. 
0003. There has been a recent change to integrate the 
power amplifier and other RF blocks more closely with the 
physical antenna in order to avoid this critical link, and has 
resulted in what is termed an integrated antenna unit (IAU). In 
order to implement a base station today with two or more 
frequency bands, several complete receivers are combined on 
the analogue side after a receiver filter. 
0004 Thus, when implementing receivers for multiple 
frequency bands, two or more receivers are implemented in 
the analogue domain, one receiver for each frequency band. 
FIG. 1 shows such a receiver having multiple analogue 
receivers, each analogue receiver adapted to converta respec 
tive radio frequency band into base band, for Subsequent 
analogue to digital processing. 
0005. This type of technology has a disadvantage in that 
the multi band receivers become bulky, and have low energy 
efficiency and increased manufacturing cost due to the fact 
that several complete RF receivers in the analogue domain are 
used to implement the multi band receivers. 

SUMMARY 

0006. It is an aim of the present invention to provide a 
method and apparatus which obviate or reduce at least one or 
more of the of the disadvantages mentioned above. 
0007 According to a first aspect of the invention, there is 
provided a radio communication receiver apparatus operable 
to process multiple radio frequency bands in a telecommuni 
cation system. The apparatus comprises a plurality of digital 
receiver chains, wherein each digital receiver chain is coupled 
to receive a digital representation of the multiple radio fre 
quency bands, including a particular radio frequency band for 
processing by the respective digital receiver chain. Each digi 
tal receiver chain comprises a digital receiver that is program 
mable to select a particular radio frequency band from the 
digital representation of the multiple radio frequency bands, 
and adapted to down convert the selected radio frequency 
band into a digital baseband signal associated with the par 
ticular radio frequency band. 
0008. This has the advantage of enabling a less bulky 
receiver apparatus to be provided for handling multiple fre 
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quency bands. For example, the use of the digital receiver 
chains, as defined above, enable common components to be 
shared. For example, since each digital receiver is program 
mable to select a particular radio frequency band from the 
“combined signal it receives, it enables common compo 
nents to be used upstream in the digital receiver apparatus, for 
example a common analogue to digital converter. Also, the 
digital receiver chains defined above enable calibration to be 
provided using a common calibration stage, as will be 
described later in the application. 
0009. According to another aspect of the present inven 
tion, there is provided a method in a radio communication 
receiver apparatus that is operable to process multiple radio 
frequency bands in a telecommunication system. The method 
comprises the steps of receiving in a plurality of digital 
receiver chains a digital representation of the multiple radio 
frequency bands, the multiple radio frequency bands includ 
ing specific radio frequency bands for processing by the 
respective digital receiver chains, and selecting at each digital 
receiver chain a specific radio frequency band from the digital 
representation of the multiple radio frequency bands. At each 
digital receiver chain the selected radio frequency band is 
down converted into a digital baseband signal associated with 
the specific radio frequency band. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 For a better understanding of the present invention, 
and to show more clearly how it may be carried into effect, 
reference will now be made, by way of example only, to the 
following drawings in which: 
0011 FIG. 1 shows a radio communication receiver appa 
ratus according to the prior art; 
0012 FIG. 2a shows a radio communication receiver 
apparatus according to an embodiment of the present inven 
tion; 
0013 FIG.2b shows the steps performed in a radio com 
munication receiver apparatus according to an embodiment 
of the present invention; 
0014 FIG.3 shows a radio communication receiver appa 
ratus according to another embodiment of the present inven 
tion; 
0015 FIG. 4 shows a radio communication receiver appa 
ratus according to another embodiment of the present inven 
tion; 
0016 FIG. 5 shows a radio communication receiver appa 
ratus according to another embodiment of the present inven 
tion; 
0017 FIG. 6 shows a radio communication receiver appa 
ratus according to another embodiment of the present inven 
tion; and 
0018 FIG. 7 shows a radio communication receiver appa 
ratus according to another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION 

0019. The embodiments of the invention provide imple 
mentations of a multiband radio frequency (RF) receiver, that 
enable common components to be shared, and that enable 
built in calibration to be provided. The embodiments of the 
invention will be described in relation to using Direct Radio 
Frequency 
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0020 Technology (DRF) in the digital domain. It is noted, 
however, that other implementations of digital receiver appa 
ratus may be used, which provide the same functions as 
discussed below. 

0021 FIG. 2a shows a radio communication receiver 
apparatus 20 according to an embodiment of the present 
invention. The radio communication receiver apparatus 20 is 
operable to process multiple radio frequency bands. The radio 
communication receiver apparatus 20 comprises a plurality of 
digital receiver chains 21 to 21. Each digital receiver chain 
21 to 21 is coupled to receive a digital representation 23 of 
the multiple radio frequency bands, including a particular 
radio frequency band for processing by the respective digital 
receiver chain. The digital representation 23 may be subject to 
various processing techniques prior to being received by the 
plurality of digital receiver chains 21 to 21, as will be 
described further in relation to the other embodiments of the 
invention, later in the application. 
0022. Each digital receiver chain 21 to 21 comprises a 
digital receiver 25 to 25 that is programmable to select a 
particular radio frequency band from the digital representa 
tion 23 of the multiple radio frequency bands, and adapted to 
down convert the selected radio frequency band into a digital 
baseband signal 27 to 27 associated with the particular 
radio frequency band. For example, a digital receiver 25 to 
25 of FIG. 2a (and the other embodiments described below) 
may comprise a digital receiver that is configured to down 
convert a directly sampled radio frequency signal to base 
band, for example as described in co-pending patent applica 
tion PCT/IB2010/002927 by the present applicant, also 
known as Direct Radio Frequency (DRF) technology. 
0023 The embodiment of FIG. 2a has the advantage of 
providing a frequency agnostic receiver. The apparatus 
enables a multiband, multi carrier and multi antenna receiver 
to be realized. 
0024. This also has the advantage of enabling a less bulky 
receiver apparatus to be provided for handling multiple fre 
quency bands. For example, the use of the digital receiver 
chains as defined above enable common components to be 
shared. For example, since each digital receiver is program 
mable to select a particular radio frequency band from the 
“combined signal it receives, it enables common compo 
nents to be used upstream in the digital receiver apparatus, for 
example a common analogue to digital converter as will be 
described below, or built in calibration to be provided, also 
described later in the application. 
0025. A further advantage is that receiver linearization is 
no longer required when DRF receiver technology is used in 
this manner, since I/O balancing problems no longer exist. 
0026 FIG.2b shows the steps performed by a radio com 
munication receiver apparatus according to an embodiment 
of the present invention, the apparatus being operable to 
process multiple radio frequency bands. In step 201 the 
method comprises the step of receiving in a plurality of digital 
receiver chains 21 to 21 a digital representation 23 of the 
multiple radio frequency bands, the multiple radio frequency 
bands including specific radio frequency bands for process 
ing by the respective digital receiver chains. In step 203, each 
digital receiver chain 21 to 21 selects a specific radio fre 
quency band from the digital representation 23 of the multiple 
radio frequency bands. In step 205, each digital receiver chain 
21 to 21 down converts the selected radio frequency band 
into a digital baseband signal 27 to 27 associated with the 
specific radio frequency band. 
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0027 FIG.3 shows a radio communication receiver appa 
ratus 20 according to another embodiment of the present 
invention. As with FIG.2a, the radio communication receiver 
apparatus 20 comprises a plurality of digital receiver chains 
21 to 21. Each digital receiver chain 21 to 21 is coupled to 
receive a digital representation 23 of the multiple radio fre 
quency bands, including a particular radio frequency band for 
processing by the respective digital receiver chain. Each digi 
tal receiver chain 21 to 21 comprises a digital receiver 25 
to 25 that is programmable to select a particular radio fre 
quency band from the digital representation 23 of the multiple 
radio frequency bands, and adapted to down convert the 
selected radio frequency band into a digital baseband signal 
27 to 27 associated with the particular radio frequency 
band. As mentioned above, a digital receiver 25 to 25 may 
comprise a digital receiver that is configured to down convert 
a directly sampled radio frequency signal to baseband, for 
example as described in patent application PCT/IB2010/ 
OO2927. 

0028. The radio communication receiver apparatus 20 
comprises an RF analogue to digital converter 29 coupled to 
receive an analogue signal 31 comprising the multiple radio 
frequency bands, and adapted to output the digital represen 
tation 23 of the multiple radio frequency bands to each digital 
receiver chain 21 to 21. 
0029. The RF analogue to digital converter 29 is prefer 
ably a high speed analogue to digital converter that it is 
capable of processing the multiple frequency band signals. 
0030. For example, the RF analogue to digital converter 29 
may be configured to Support a high sample rate at RF fre 
quency, with the sample frequency preferably being at least 
the same as half the highest frequency of operation f max for 
operation in the 1st Nyquist Zone, the same as f max when 
operating in the 2nd Nyquist Zone and 2/3 f max for operation 
in the 3rd Nyquist Zone. 
0031. According to one embodiment the RF analogue to 
digital converter 29 is configured to work in a so called mixed 
mode that Supports operation in at least the 1st and 2nd 
Nyquist Zone, but possibly also the 3rd Nyquist Zone. The RF 
analogue to digital converter 29 is driven with a fixed clock 
frequency, without any tuning or frequency shifting. The RF 
analogue to digital converter has a high dynamic range, i.e. 
high SFDR (Spurious free dynamic range) and low noise. By 
using a high speed RF analogue to digital converter there is no 
requirement for linearization of the receiver path normally 
used for I/O balancing in homodyne receivers. As will be 
described in the embodiments below, prior to the ADC 29 a 
band pass filter can be provided in order to filter out unwanted 
signals outside the operating frequency band, for example 
unwanted signals such as noise. 
0032. The analogue signal 31 comprising the multiple 
radio frequency bands may be subject to various processing 
techniques prior to being received by the RF analogue to 
digital converter 29, as will be described further in relation to 
the other embodiments of the invention described later in the 
application. With the embodiment of FIG.3 a common ana 
logue to digital converter is therefore provided for processing 
the received analogue signal. This has the advantage of 
enabling a common component to be used, rather than mul 
tiple ADCs having multiple local oscillator tuning circuits, 
thereby saving bulk and cost. 
0033 Alternatively (not shown), in certain applications it 
may be desirable to provide an RF analogue to digital con 
Verter in each digital receiver chain, each RF analogue to 
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digital converter being adapted to receive an analogue signal 
31 comprising the multiple radio frequency bands, and 
adapted to output the digital representation 23 of the multiple 
radio frequency bands to its respective digital receiver chain 
21 to 21. It is noted that the signals received by the RF 
analogue to digital receiver 29 (or receivers), for example 
from a combining unit as described below in FIG.4, can be 
either a single ended or differential signal. In the case of a 
differential signal being received from Such a combining unit, 
and a single ended ADC being used, or vice versa, an interface 
can be provided for converting between the two, for example 
a balun. 

0034 FIG. 4 shows a radio communication receiver appa 
ratus 20 according to another embodiment of the present 
invention. As with FIGS. 2a and 3, the radio communication 
receiver apparatus 20 comprises a plurality of digital receiver 
chains 21 to 21, each digital receiver chain 21 to 21 
coupled to receive a digital representation 23 of the multiple 
radio frequency bands, including a particular radio frequency 
band for processing by the respective digital receiver chain. 
Each digital receiver chain 21 to 21 comprises a digital 
receiver 25 to 25 that is programmable to select a particular 
radio frequency band from the digital representation 23 of the 
multiple radio frequency bands, and adapted to down convert 
the selected radio frequency band into a digital baseband 
signal 27 to 27 associated with the particular radio fre 
quency band. The radio communication receiver apparatus 20 
comprises an RF analogue to digital converter 29 coupled to 
receive an analogue signal 31 comprising the multiple radio 
frequency bands, and adapted to output the digital represen 
tation 23 of the multiple radio frequency bands to each digital 
receiver chain 21 to 21. 
0035. The radio communication receiver apparatus 20 
comprises a combining unit 33 coupled to receive a plurality 
ofanalogue radio frequency signals 35 to 35, and adapted to 
combine the plurality of analogueradio frequency signals 35 
to 35 into a composite analogue signal 31 comprising mul 
tiple radio frequency bands for processing by the RF analogue 
to digital converter 29. As mentioned above, as an alternative 
to the common RF analogue to digital converter 29, separate 
analogue to digital converters may be provided in each digital 
receiver chain, each analogue to digital converter being 
adapted to receive a composite analogue signal 31 comprising 
the multiple radio frequency bands, and adapted to output the 
digital representation 23 of the multiple radio frequency 
bands to its respective digital receiver chain 21 to 21. As 
above, the signals received by the RF analogue to digital 
receiver 29 (or receivers) can be either a single ended or 
differential signal. In the case where the combining unit 33 is 
configured to output a differential signal and the ADC con 
figured to receive a single ended signal ADC, or vice versa, an 
interface can be provided between the two in order to convert 
between the two types of signal, for example using a balun. 
0036. The multiple analogue radio frequency signals 35 
to 35 may be subject to various processing techniques prior 
to being received by the combining unit 33, as will be 
described further in relation to the other embodiments of the 
invention described later in the application. 
0037 FIG. 5 shows a radio communication receiver appa 
ratus 20 according to another embodiment of the present 
invention. As with FIGS. 2a, 3 and 4, the radio communica 
tion receiver apparatus 20 comprises a plurality of digital 
receiver chains 21 to 21 each digital receiver chain 21 to 
21 being coupled to receive a digital representation 23 of the 
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multiple radio frequency bands, including a particular radio 
frequency band for processing by the respective digital 
receiver chain. Each digital receiver chain 21 to 21 com 
prises a digital receiver 25 to 25 that is programmable to 
select a particular radio frequency band from the digital rep 
resentation 23 of the multiple radio frequency bands, and 
adapted to down convert the selected radio frequency band 
into a digital baseband signal 27 to 27 associated with the 
particular radio frequency band. The radio communication 
receiver apparatus 20 comprises an RF analogue to digital 
converter 29 coupled to receive an analogue signal 31 com 
prising the multiple radio frequency bands, and adapted to 
output the digital representation 23 of the multiple radio 
frequency bands to each digital receiver chain 21 to 21. 
0038. The radio communication receiver apparatus 20 
comprises a combining unit 33 coupled to receive analogue 
radio frequency signals 35 to 35, and adapted to combine 
the multiple analogue radio frequency signals 35 to 35 into 
the analogue signal 31 comprising multiple radio frequency 
bands for processing by the RF analogue to digital converter 
29. As mentioned above, as an alternative to the common RF 
analogue to digital converter 29, separate analogue to digital 
converters may be provided in each digital receiver chain, 
each RF analogue to digital converter being adapted to 
receive an analogue signal 31 comprising the multiple radio 
frequency bands, and adapted to output the digital represen 
tation 23 of the multiple radio frequency bands to its respec 
tive digital receiver chain 21 to 21. 
0039 Each digital receiver chain in the radio communica 
tion receiver apparatus 20 further comprises a digital process 
ing unit 37 to 37 coupled to receive the output of a respec 
tive digital receiver 25 to 25, and adapted to process the 
digital signal to provide the digital baseband output signal 27 
to 27. The digital processing units 37 to 37 are adapted to 
perform filtering and down conversion to base band. 
0040. This embodiment has the advantage of providing 
extended control of receiver behaviour due to digital domain 
processing. 
0041 According to one embodiment, the digital process 
ing units 37 to 37 of each digital receiver chain may form 
part of a common digital processing unit that is common to all 
digital receiver chains 21 to 21. In other words, the digital 
processing units may either be separate units for each digital 
receiver chain, or part of a common processing unit that 
processes signals in each of the digital receiver chains. 
0042 FIG. 6 shows a radio communication receiver appa 
ratus 20 according to another embodiment of the present 
invention. As with FIGS. 2a, 3, 4 and 5, the radio communi 
cation receiver apparatus 20 comprises a plurality of digital 
receiver chains 21 to 21, each digital receiver chain 21 to 
21 coupled to receive a digital representation 23 of the mul 
tiple radio frequency bands, including a particular radio fre 
quency band for processing by the respective digital receiver 
chain. Each digital receiver chain 21 to 21 comprises a 
digital receiver 25 to 25 that is programmable to select a 
particular radio frequency band from the digital representa 
tion 23 of the multiple radio frequency bands, and adapted to 
down convert the selected radio frequency band into a digital 
baseband signal 27 to 27 associated with the particular 
radio frequency band, for example using DRF technology. 
The radio communication receiver apparatus 20 comprises an 
RF analogue to digital converter 29 coupled to receive an 
analogue signal 31 comprising the multiple radio frequency 
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bands, and adapted to output the digital representation 23 of 
the multiple radio frequency bands to each digital receiver 
chain 21 to 21. 
0043. The radio communication receiver apparatus 20 
comprises a combining unit 33 coupled to receive analogue 
radio frequency signals 35 to 35, and adapted to combine 
the multiple analogue radio frequency signals 35 to 35 into 
the analogue signal 31 comprising multiple radio frequency 
bands for processing by the RF analogue to digital converter 
29. As mentioned above, as an alternative to the common RF 
analogue to digital converter 29, separate analogue to digital 
converters may be provided in each digital receiver chain, 
each RF analogue to digital converter being adapted to 
receive an analogue signal 31 comprising the multiple radio 
frequency bands, and adapted to output the digital represen 
tation 23 of the multiple radio frequency bands to its respec 
tive digital receiver chain 21 to 21. 
0044. Each digital receiver chain in the radio communica 
tion receiver apparatus 20 comprises a digital processing unit 
37 to 37 coupled to receive the output of a respective digital 
receiver 25 to 25, and adapted to process the digital signal 
to provide the digital baseband output signal 27 to 27. The 
digital processing units may either be separate units for each 
digital receiver chain, or part of a common processing unit 
that processes signals in each of the digital receiver chains. 
0045. The radio communication receiver apparatus 20 fur 
ther comprises a calibration stage comprising a calibration 
receiver 40 and a calibration transmitter 41. The calibration 
stage is configured to correct the I and Q signals atabase band 
level, and in particular one or more of phase, amplitude or 
delay in the respective digital receiver chains in order to 
achieve RF coherence. The calibration receiver 40 is config 
ured to generate a calibration signal 43 which is transmitted 
using the calibration transmitter 41 into the incoming signal 
path of the receiver 20, for example into an antenna (not 
shown) which feeds the combining unit 33. The same cali 
bration signal is detected in each of the digital receiver chains 
21 to 21 and coupled as a set of feedback signals, or mea 
sured signals 39- to the input of the calibration receiver 40, 
thereby providing feedback signals to the calibration receiver 
40. The calibration signal is detected or measured in each of 
the digital chains 21 to 21 using the plurality of digital 
processing units 37 to 37 with the measured signals 39-y 
being coupled to the input of the calibration receiver 40. The 
measured signals 39-y received by the calibration receiver 
40 are compared with each other, for example using a MSR 
receiver, with one or more of phase, amplitude and delay 
parameters being calculated relative to one of the receiver 
signals. For example, according to one embodiment the 
phase, amplitude and delay of each of the received calibration 
signals are compared with one of the received calibration 
signals, for example all compared with the calibration signal 
received from the first digital receiver chain 21. Correction 
parameters 42-yare then determined, and used to adjust the 
phase, amplitude and/or delay parameters of one or more of 
the respective outputs of the digital receivers 25 to 25 
according to the result of the comparison step. The adjusting 
operation may comprise adding or subtracting correction 
parameters to the outputs of one or more of the digital receiv 
ers 25 to 25. For example, if the comparison process is 
made with respect to the output of digital receiver 25, then 
correction parameters are added or subtracted to the phase, 
amplitude and/or delay of one or more of the output signals of 
digital receivers 25 to 25. By adjusting the phase, amplitude 
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and/or delay parameters of one or more of the output signals 
of the digital receivers 25 to 25, this enables RF coherence 
to be achieved between the different digital receiver chains. 
0046. The calibration process can be run during a calibra 
tion mode of operation, during which the calibration signal 43 
is used to determine what correction parameters, if any, are 
needed to the various digital receiver chains. These correction 
parameters are then used to correct the different frequency 
band signals based on the actual working of the various digital 
receiver chains. The calibration mode of operation can be run 
periodically, and the correction parameters set accordingly. 
0047. The calibration stage is therefore adapted, during a 
calibration mode of operation, to transmit a calibration signal 
to the input of the receiver apparatus, and adapted to detect the 
phase, amplitude and/or delay of the calibration signal after 
being converted to a baseband signal in each digital receiver 
chain (21 to 21). The detected signal from each digital 
receiver chain provides a set offeedback signals for use by the 
calibration stage to define a set of correction parameters, 
wherein the set of correction parameters are used by the 
digital processing unit (37 to 37) to adjust one or more of 
the phase, amplitude and/or delay of a base band signal in one 
or more of the digital receiver chains. 
0048. It can be seen that the calibration stage comprises a 
calibration transmitter for coupling the calibration signal to 
an input of the receiver, and a calibration receiver for receiv 
ing the set of feedback signals from each digital receiver 
chain, wherein the calibration receiver is adapted to compare 
the phase, amplitude and/or delay of each of the set offeed 
back signals, and determine the set of correction parameters 
based on the comparison. 
0049 FIG. 7 shows a radio communication receiver appa 
ratus 20 according to another embodiment of the present 
invention. As with FIGS. 2a, 3, 4, 5 and 6, the radio commu 
nication receiver apparatus 20 comprises a plurality of digital 
receiver chains 21 to 21, each digital receiver chain 21 to 
21 coupled to receive a digital representation 23 of the mul 
tiple radio frequency bands, including a particular radio fre 
quency band for processing by the respective digital receiver 
chain. Each digital receiver chain 21 to 21 comprises a 
digital receiver 25 to 25 that is programmable to select a 
particular radio frequency band from the digital representa 
tion 23 of the multiple radio frequency bands, and adapted to 
down convert the selected radio frequency band into a digital 
baseband signal 27 to 27 associated with the particular 
radio frequency band. The radio communication receiver 
apparatus 20 comprises an RF analogue to digital converter 
29 coupled to receive an analogue signal 31 comprising the 
multiple radio frequency bands, and adapted to output the 
digital representation 23 of the multiple radio frequency 
bands to each digital receiver chain 21 to 21. 
0050. The radio communication receiver apparatus 20 
comprises a combining unit 33 coupled to receive analogue 
radio frequency signals 35 to 35, and adapted to combine 
the multiple analogue radio frequency signals 35 to 35 into 
the analogue signal 31 comprising multiple radio frequency 
bands for processing by the RF analogue to digital converter 
29. As mentioned above, as an alternative to the common RF 
analogue to digital converter 29, separate RF analogue to 
digital converters may be provided in each digital receiver 
chain, each analogue to digital converter being adapted to 
receive an analogue signal 31 comprising the multiple radio 
frequency bands, and adapted to output the digital represen 
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tation 23 of the multiple radio frequency bands to its respec 
tive digital receiver chain 21 to 21. 
0051 Each digital receiver chain in the radio communica 
tion receiver apparatus 20 comprises a digital processing unit 
37 to 37 coupled to receive the output of a respective digital 
receiver 25 to 25, and adapted to process the digital signal 
to provide the digital baseband output signal 27 to 27. The 
digital processing units may either be separate units for each 
digital receiver chain, or part of a common processing unit 
that processes signals in each of the digital receiver chains. 
0052. The radio communication receiver apparatus 20 fur 
ther comprises a calibration stage comprising a calibration 
receiver 40 and a calibration transmitter 41, as described 
above in FIG. 6. The calibration stage is configured to correct 
the I and Q signals at a base band level, and in particular one 
or more of phase, amplitude and/or delay in the respective 
digital receiver chains in order to achieve RF coherence. 
0053. The radio communication receiver apparatus 20 fur 
ther comprises a filter unit 45. The filter unit 45 is configured 
to receive a radio signal including the multiple radio fre 
quency bands, in analogue form, for example from one or 
more antennas. The filter unit 45 comprises a plurality of 
filters fb1 to fbN for separating the received radio signal into 
multiple analogue radio frequency signals 35 to 35. It is 
noted that these filters, for example bandpass filters, can be 
arranged as separate filters or as an array of switchable filters, 
in the filter unit or bank 45. 
0054) A plurality of amplifier units 47 to 47 can be 
provided (for example low noise amplifiers, LNAs), the plu 
rality of amplifier units 47 to 47 being coupled to receive the 
multiple analogue radio frequency signals 35 to 35 and 
amplify the analogue radio frequency signals 35 to 35 prior 
to being combined by the combining unit 33. This has the 
advantage of improving the signal to noise level. 
0055 As an alternative for the separate amplifier units 47 
to 47, a common amplifier unit 47 (such as a common LNA) 
may be provided instead of band specific amplifier units 47 
to 47. In such an embodiment the summation or combining 
can be made by providing an RF combining unit at the input 
of the common amplifier unit 47 (for example at the input of 
a common LNA). 
0056. The embodiment above provides a receiver archi 
tecture that comprises N digital receiver (DRX) chains 21 to 
21, comprising Receiver Carrier (RXC) processing blocks 
37 to 37, and direct radio frequency receivers (RX-DRF 
blocks) 25 to 25, a common RF-ADC 29 for all digital 
receiver chains 21 to 21. The receiver comprises a filter 
bank 45 that defines the receiver frequency bands. For cali 
bration a calibration stage is provided. In order to increase the 
dynamic range, it is noted that an RF analogue to digital 
converter could be used for each frequency band according to 
an alternative embodiment, and thus, in which case there is no 
need for received signals to be combined after the band filters, 
before connecting to each ADC. 
0057 The embodiment above also provides a digital 
receiver (DRX) block that comprises a carrier processing 
block that filters, and decimates the input signal to desired 
representation, normally represented as I.Q. of the output 
signal. The 
0058 RX-DRF processing blocks down-convert the input 
RF signal directly to base band level. 
0059. The multi band receiver is therefore fed, by the 
combined RF signal from different carriers and frequency 
bands, from the LNA and filter block. The RF signal is digi 
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tized by means of the ADC and the digitized RF signal is then 
fed a RXDRF chain where down conversion to base band is 
performed. The output from the receiver is a digitized repre 
sentation of the base band signal that is fed into the common 
hardware block for RXC processing where channel filtering 
and calibration is performed. The digital output, normally 
represented as I.Q samples is fed into a waveform processing 
block. The calibration parameters are derived in the calibra 
tion stage. There is one RX DRF and DRX chain for each 
frequency band and antenna. 
0060. The embodiments of the invention have the advan 
tage of providing power efficiency due to common compo 
nent utilization. 
0061. It is noted that, in each of the embodiments 
described above, an image reject filter may be inserted after 
the combining unit 33 (i.e. after the summation block) and 
prior to the RF analogue to digital converter 29. The image 
rejection filter is configured to remove signals and noise from 
the non-used Nyquist Zones. 
0062. The embodiments also provide the advantages of 
enabling a frequency agnostic receiver to be realised, and 
provide a multiband, multi carrier and multi antenna receiver. 
The embodiments have a high dynamic range by the extended 
control of receiver behaviour due to digital domain process 
ing and built in calibration. 
0063. It should be noted that the above-mentioned 
embodiments illustrate rather than limit the invention, and 
that those skilled in the art will be able to design many 
alternative embodiments without departing from the scope of 
the appended claims. The word "comprising does not 
exclude the presence of elements or steps other than those 
listed in a claim, “a” or “an does not exclude a plurality, and 
a single processor or other unit may fulfil the functions of 
several units recited in the claims. Any reference signs in the 
claims shall not be construed so as to limit their scope. 

1. A radio communication receiver apparatus configured to 
process multiple radio frequency bands in a telecommunica 
tion system, the apparatus comprising: 

a plurality of digital receiver chains, wherein each digital 
receiver chain is coupled to receive a digital representa 
tion of the multiple radio frequency bands, including a 
particular radio frequency band for processing by the 
respective digital receiver chain; 

wherein each digital receiver chain comprises a digital 
receiver that is programmable to select a particular radio 
frequency band from the digital representation of the 
multiple radio frequency bands, and configured to down 
convert the selected radio frequency band into a digital 
baseband signal associated with the particular radio fre 
quency band. 

2. A radio communication receiver apparatus as claimed in 
claim 1, further comprising an RF analogue to digital con 
Verter coupled to receive an analogue signal comprising the 
multiple radio frequency bands, and configured to output the 
digital representation of the multiple radio frequency bands to 
each digital receiver chain. 

3. A radio communication receiver apparatus as claimed in 
claim 2, wherein the RF analogue to digital converter is a high 
speed analogue to digital converter. 

4. A radio communication receiver apparatus as claimed in 
claim 2, further comprising a combining circuit coupled to 
receive multiple analogue radio frequency signals, and con 
figured to combine the multiple analogue radio frequency 
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signals into the analogue signal comprising multiple radio 
frequency bands for processing by the RF analogue to digital 
converter. 

5. A radio communication receiver apparatus as claimed in 
claim 4, further comprising a filter circuit, wherein the filter 
circuit is configured to receive a radio signal including the 
multiple radio frequency bands, the filter circuit comprising a 
plurality offilters for separating the received radio signal into 
the multiple analogue radio frequency signals, for coupling to 
an input of the combining circuit. 

6. A radio communication receiver apparatus as claimed in 
claim 5, further comprising a plurality of amplifier circuits, 
the plurality of amplifier circuits coupled to receive the mul 
tiple analogue radio frequency signals and amplify the ana 
logue radio frequency signals prior to being combined by the 
combining circuit. 

7. A radio communication receiver apparatus as claimed in 
claim 1, further comprising a digital processing circuit 
coupled to receive the output of each digital receiver, and 
configured to process the output of each digital receiver to 
provide the digital baseband output signal. 

8. A radio communication receiver apparatus as claimed in 
claim 7, wherein the digital processing circuit forms part of a 
common digital processing circuit that is common to all digi 
tal receiver chains. 

9. A radio communication receiver apparatus as claimed in 
claim 7, further comprising a calibration stage, wherein the 
calibration stage is configured during a calibration mode of 
operation to transmit a calibration signal to the input of the 
receiver apparatus, and configured to detect the phase, ampli 
tude and/or delay of the calibration signal after being con 
Verted to a baseband signal in each digital receiver chain, the 
detected signal from each digital receiver chain providing a 
set of feedback signals for use by the calibration stage to 
define a set of correction parameters, wherein the set of cor 
rection parameters are used by the digital processing circuit to 
adjust one or more of the phase, amplitude and/or delay of a 
base band signal in one or more of the digital receiver chains. 

10. A radio communication receiver apparatus as claimed 
in claim 9, wherein the calibration stage comprises: 

a calibration transmitter for coupling the calibration signal 
to an input of the receiver; 

a calibration receiver for receiving the set of feedback 
signals from each digital receiver chain, wherein the 
calibration receiver is configured to compare the phase, 
amplitude and/or delay of each of the set of feedback 
signals, and determine the set of correction parameters 
based on the comparison. 

11. A radio communication receiver apparatus as claimed 
in claim 1, further comprising an RF analogue to digital 
converter provided in each digital receiver chain, each RF 
analogue to digital converter being configured to receive an 
analogue signal comprising the multiple radio frequency 
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bands, and configured to output the digital representation of 
the multiple radio frequency bands to its respective digital 
receiver chain. 

12. A radio communication receiver apparatus as claimed 
in claim 1, wherein the digital receiver comprises a digital 
receiver that is configured to down converta directly sampled 
radio frequency signal to baseband. 

13. A method in a radio communication receiver apparatus 
that is configured to process multiple radio frequency bands 
in a telecommunication system, the method comprising the 
steps of: 

receiving in a plurality of digital receiver chains a digital 
representation of the multiple radio frequency bands, the 
multiple radio frequency bands including specific radio 
frequency bands for processing by the respective digital 
receiver chains; 

selecting at each digital receiver chain a specific radio 
frequency band from the digital representation of the 
multiple radio frequency bands; and 

down converting at each digital receiver chain the selected 
radio frequency band into a digital baseband signal asso 
ciated with the specific radio frequency band. 

14. A method as claimed in claim 13, wherein prior to the 
step of receiving, the method further comprises the steps of 
receiving an analogue signal comprising the multiple radio 
frequency bands, and converting the analogue signal into the 
digital representation of the multiple radio frequency bands 
for receipt by each of the digital receiver chains. 

15. A method as claimed in claim 14, wherein prior to the 
converting step, the method further comprises the steps of 
combining analogue radio frequency signals received from at 
least one antenna into the analogue signal comprising mul 
tiple radio frequency bands for processing during the convert 
ing step. 

16. A method as claimed in claim 15, wherein prior to the 
step of combining, the method comprises the step of filtering 
a received radio signal including the multiple radio frequency 
bands into the multiple analogue radio frequency signals. 

17. A method as claimed in claim 16, further comprising 
the step of amplifying the multiple analogue radio frequency 
signals prior to the combining step. 

18. A method as claimed in claim 13, wherein the step of 
down converting comprises the steps of digitally processing 
the selected radio frequency bands at each digital receiver 
chain. 

19. A method as claimed in claim 18, wherein the steps of 
digitally processing the selected radio frequency bands is 
performed by a digital processing circuit common to each 
digital receiver chain. 

20. A method as claimed in claim 16, further comprising 
the steps of operating the receiver in a calibration mode to 
determine correction parameters for adjust one or more of the 
phase, amplitude and/or delay of a base band signal in one or 
more of the digital receiver chains 
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