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(57) Abstract: A method of communication comprising: determining whether a mobile station (MS) is within a collaborative zone
with respect to a first base station (BS:), if the MS is within the collaborative zone (704): the BS, transmitting one or more collab-
oration parameters to a network coordinator (706), the network coordinator determining one or more collaborative base stations
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A Method of Communication
Field and Background of the Invention

The present invention relates to a method of communication, particularly though

not exclusively, to cell collaborative zones for cellular systems.

The next generation (4G) wireless technology is the new era of wireless
technology based on the integration of new technologies that enable high data
rates, offér seamless mobility, and interoperability. 4G is the next step towards
transferring vhigh volumes of data while being better connected. It will offer very

high data rates that would be well suited to handle multimedia applications.

There is almost unanimous agreement in the industry that 4G systems would
employ the Multiple Input Multiple Output (MIMO) technology. This is because
MIMO is very proficient in increasing system throughput and performance. The
capacity of a point-to-point link scalesv linearly with the number of antennas
deployed even without increasing the transmission power or bandwidth. The
capacity gain provisioned by MIMO, however, could be marginal when the link
qualities are poor. This may be especially true unfortunately for the 4G cellular
system which is expected to be an inter-cell interference (ICl) limited system due
to efficient freque_ncy reuse cells to be deployed, such as one-cell frequency

reuse.
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Network MIMO is a new technology developing towards Iifting'the interference
limits on wireless:network. It minimises the ICI throdgh- coordinating the
simultaneous transmissions among multiple cells. It has been shown that a
significant improvement can be achieved which could be as large as an order of
magnitude in system throughput. In view of the significant advantages of the
Network MIMO, the 3™ Generation Parfnership Project (3GPP) has recently
includéd Network MIMO in its developing specification for 4G in the name of the
Long Term _Evolution Advanced (LTE-Advanced) to improve the coverage of high
data rates, the cell-edge throughput and/or increase system throughput. IEEE
802.16m'wo'rking group for next generation Broadband Wireless Access is also
considering Network MIMO as its advanced fnterfefence management
technology to meet the cellular Iéyer requirements of International Mobile
Telecommunications Advanced (IMT-Advanced) for next generation mobile

networks.

However, the coordination amongst different cells / base stations (BSs) in
Network MIMO requires a high-speed backbone enabiing information exchange,
including data, control signals, and channel state information between the BSs.

Summary of the Invention

In general terms, the invention proposes a strategy for defining a collaborative

zone between cells for Network MIMO.
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In order to make Network MIMO more feasible, the amount of information
réqui_red to be exchanged amongst different celis / BSs may bé reduced. A
collaborative zone fo/r each cell is defined, and only those users within the
collaborative zone may be served by multiple coordinated cells / BSs. Other
users outside the collaborative zone may be served by a single cell / BS as ina
conventional non-collaborative scheme; Since the amount of control signals and
channel information may be proportional to the square of the number of users
served by t'he collaborative BSs and the amount of data may be proportional to
the number of users served by the collaborative BSs, reducing the number of
users to be served by the collaborative BSs may give rise to significant reduction

of information needs to be exchanged.

The proposed collaborative zone may be defined according to the distance to the
centre of the cell / BS. It may also be defined according to-other parameters such
as the contour of the average signal-to-interference-and-noise ratio (SINR) in a
cell / BS. Users which are outside the properly determined collaborative zone
and served by é single BS may only suffer marginal capacity loss as opposed to
the case where they would be served by collaborative BSs with intensive
information exchanged. The determination of whether a mobile is within the
well-defined collaborative zone of its serving BS méy be determined solely by the
BS separately in a distributed way. Further, only the information of the mobile
concerned may be required for such decision and it may not need to know other

mobile’'s instantaneous channel information.
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According to a first specific expression of the invention, there is provided a
method of communication comprising:
determining whéther a mobile stati.on (MS) is within a collaborative zone
with respect to a first base station (BS,),
if the MS is within the collaborative zone:
the BS, transmitting one or rhore collaboration parameters to a
network coordinator,
the network coordinator determining one or more collaborative base
stations (BS,.,) depending on the collaboration parameters,
| - t.h'.e network coordinator transmitting control parameters-to the BS, and
the BS,.,,
the BS, exchanging iﬁformation with the BS,., in accordance with the
control parameters, and
the BS, and the BS,., collaboratively transmitting data to the MS in

accordance with the control parameters.

The determining whether the MS is within the collaborative zone may comprise
determining whether a distance between the MS and the BS, is over a

predetermined threshold.

The determining whether the MS is within the collaborative zone may comprise
determining whether a signal to noise ratio (SNR) is below a predetermined

threshold.
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The method may further comprise determining a collaborative zone threshold

base_d on the minimal achievable rate of each MS.

The method may further comprise determining a collaborative zone threshold
based on the sum rate of all MS within the collaborative zone of BS; and the

BS,.0.

The determining the collaborative zone threshold may also based on a correction

factor for channel fading.

If the MS is not within the collaborative zone, the BS; may non collaboratively

transmit data to the MS.

The one or more collaboration parameters may be selected from the group
consisting of a BS; ID, a MS ID, a candidate resource, associable BS IDs and

any combination thereof.

The control parameters may comprise transmission resources and/or

collaborative BS IDs for each MS.

The determining of one or more collaborative base stations (BS,.,) may comprise
determining whether BS; is one of the associable BSs of another MS within a

collaborative zone of one or more of the associable BSs of the MS in BS;.
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The BS4 exchanging information with the BSz-n‘may- comprisé the BS;4
transmitting via a wired backhaul data to be transmitted to the MS and the
channel information bétween the MS and the BS; in accordance with the control |

parameters to the BS;., one or more other collaborative base stations.

The BS4 exchanging infdrmation with tﬁe BS,., may further comprise the BS,
receivihg via the wired backhaul the data to be transmitted to a further mobile
station (MS2) within a collaborative zone of the BS;., and the channel information
between the MS; and the respective BS»., in accordance with the control

parameters.

The collaboratively transmitting data may comprise a linear zero-forcing

collaboration scheme. This may eliminate ICl in the collaborative zone.

The collaboratively transmitting data may comprise a linear
minimum-mean-squared-error collaboration scheme. This may minimize ICI

taking into consideration noise enhancement issue in the collaborative zone.

The determining whether the MS is within the collaborative zone may be done
independently by its associated BS. This may reduce complexity, processing

time and amount of coordination required.

According to a second specific expression of the in\)ention, there is provided a

meth_od for signal transmission from two or more base stations (BSs)
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collaboratively to one or more mobile stations (MSs) which have a 1st parameter
with its associated BS exceeding/below a predeterm'ined threshold, the method
comprising: —

each BS reporting to a network coordinator a BS ID, and the ID, candidate
resources, and associable BS IDs for each of the associated MS,

the network coordinator determini’ng the transmission resources and other
collaborative BS IDs for each MS,

the network coordinator informing each BS, the transmission resources and '
said collaborative BS IDs for each MS,

each said BS exchanging information with said collaborative BSs for a MS
that is associated to said each said BS, and

each said BS, together witH said collaborative BSs transmit signals with the
said transmission resources simultaneously to a group of MSs sharing the same

BS set, said BS set comprising the associated BSs and collaborative BSs.

According to a third specific expression of the invention, there is provided an
integrated circuit configured to communicate according to any of the above

methods.

According to a forth specific expression of the invention, there is provided a
mobile station configured to communicate according to any of the above

methods.
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According to a fifth specific expression of the invention, there is provided a base

station configured to communicate according to any of the above methods.

According to a sixth specific expression of the invention, there is provided a

network coordinator configured to communicate according to any of the methods.

Brief Description of the Drawings

In order thatvthe invention may be fully understood and readily put into practical
effect there shall now be described by way of non-limitative example only, an
example embodiment described below with reference to the accompanying
illustrative drawings in which: |

Figure 1 is a schematic drawing of a linear cellular array with two BSs, serving
one MS each;

Figure 2 is a graphed comparison of the achievable rates of the collaborative and
non-collaborative BS transmission;

Figure 3 is a graph of the achievable rate advantage of collaborative BS
transmission vs. MS distance to serving BS;

Figure 4 is a graph of the rate advantage of collaborative BS transmission vs. MS
distance to serving BS; |

Figure 5 is a chart of an achievable rate of collaborative BS transmission in fading
channels;

Figure 6 is a chart of an achievable rate of collaborétive BS transmission vs SNI§

in fading channels;
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Figure 7 is a flow diagram of a method of communication acCording to the
example embodiment; and
Figure 8 is a schematic drawing of the information exchanged with the network

coordinator.
Detailed Description of the Preferred Embodiment

System Model

Consider a. Simple, idealized, synchronous, Wyner-type linear cellular, downlink
communication model as shown in Figure 1. Two BSs of neighbouring cells have
been illustrated and each is seNing one mobile station (MS). In a conventional
OFDMA system, the MSs correspond to the two users in neighbouring celis
allocated independently to the same bandwidth at a time, i.e. the same resource
blocks for example in a 3GPP Long Term Evolution (LTE) system. This
bandwidth allocation is popular in order to better utilize the system spectrum with
one cell reuse factor. Of course, the two MSs will suffer interference from the non
serving BS in a conventional non-collaborative BS setup, also known as ICI. A
collaborative BS transmission scheme according to an example embodiment will
be described and it will be shown that ICI may be rﬁinimised using the example

embodiment.

The signal from the 2 singie-antenna BSs received 'by the 2 singlé-antenna MSs

can be represented mathematically as:
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Y=Hx+n | 1)

h11 h’l'l

where the channel matrix H ={
21 22

] with h; being the complex channel gain -

between MS; and BS; (i, j = 1 or 2), x = [y, XQJT denotes the BS outputs with x4, x2
being outputs from BS and BS, respectively, and n = [n;, nZIT denotes an

additive white noise vector with covariance o°l.

Non-collaborative BS transmission

Withouf .coII’a'borétive transmission, each BS transmits signals intended for the
user Within its cell coverage, and neighbouring BS transmissions in the same
frequency band cause ICl. Given the system in Figure 1, the antenna outputs at
the BS antenna and BS; antenna are the data symbols s; and s; for their
associated mobile- MS1and MS; respectively, i.e. x; = s; and x; = s, where s; and
sy are assumed independent and identicalily distributed (i.i.d.) with zero mean
and variances ps and p.. We assﬁme further that each BS is transmitting at full

power, i.e., E[|x,|*]= E[|x,’]1= p,, and hence the SINRs at MS; and MS; are

given by
2
Sinrl - pmax ‘hl‘,] | 5
Puax | 2 | +0 @)
) h’n 2
sinr, = Paw| P |

2 2
pmax'thII +o ’

respectively. The corresponding instantaneous achievable rates are
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) . 2 .
. = log, | 1.4 —Puas 1| | (b/symbol/ Hz)
. pmax'|h12 I~ +0 ‘ .

; Prax | h27 12
r, =log,| 1+ — (b/symbol /| Hz)
pmax.l h21 l +o

Collaborative BS transmission |

When BS collaboration is employed, all collaborative BSs can act together and
each mobile may receive useful signals from all BSs involved. The capacity

achievihg st_rategy on how to transmit to MSs collaboratively amongst BSs may
require dirty paper codi'ng (DPC) whose processing complexity méy prohibit its
im.plementation. In the example embodiment a linear zero-forcing collaboration
scheme is used. Other linear precoding schemes or combinations, such as the

minimum-mean-squared error precoding scheme may also be used.

Denoting the data symbol vector for MS1and MS; by s = [sy, s2]’. a linear spatial

all al?_

pre-filter matrix A :[ } e C** is used to map the data symbols to the

Gy Qp
antenna outputs, i.e.

X=A-s _ : 4)

Thus, in the case of BS collaboration, the antenna outputs at BS| and BS; are a

linear combination of two data symbols

X, = a8, + 4,8,

&)

Xy =y 8 + a5,

€)
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The zero-forcing collaborative transmission is obtained by projecting the signals
for other users away from the desired mobile’s signél. Mathematically, a
pseudo-inverse pre-f{lter matrix
A=H".(H-H")" , (6)

is used to map the data symbols to the antenna outputs, x = H . (H-HH)'1§. Notiée
that the received signal at MS, and MS;, after such a pre-filtering, i.e. substituting
(6) into.(1), becomes

Y=H-H”-(H-HH);'-§+Q=§+Q . (7)
Thus th_ev channél has been diagonalized and the received signél ateach MS is

interference-free. The corresponding Shannon rates can be written by

r = logz(l +;412) (b/ symbol | Hz)
)

3
o

r2'=10g2(1+p2) ~ (b/symbol | Hz)

where p1=E[/s1/2] and p2=E[/sz/2] are the'symbol power.

Achievable Rates

In this section, the achievable rates provisioned by different transmission
schemes is compared, i.e. BS collaboration transmission and
non-BS-collaboration transmission. This is to facilitate the investigation of the
relationship of the capacity improvement due to BS collaboration and the
distance of each MS to its serving BS in order to define a cell collaborative zone.:

As no coordination is considered for the conventional transmission, we have
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assumed each BS transmits at its full power. For the BS collaborative

transmission, we can optimize the transmission power of each BS as well.

The metric for comparisons will be the max-min rate achievable subject to per BS
power constraints. The max-min rate objective is motivated by the fairness
concern, that is, the need to guarantee quality of service (QoS) for the users

within the collaborative zone.

The achievable max-min rate for non-collaborative BS transmission is, with

reference to (3) and full power transmission at each BS,

Vo =log2|:1+pmx mm( [Py [ by | > H -
+o

pmax'lhlz |2 +O—2’ pmax'lhzl |2

To formulate the max-min rate optimization problem for BS collaborative
transmission, we will specify per BS power constraints. Notice that BS; and BS;

are subject to an average power constraint given by

E[1,[1S Poan

N (10)
E[|x2|~] S pmax
Substituting (10) with (5), the constraints can be transformed into a set of linear

constraints in terms of the power of the data symbols p; and p; as

Panli |a12|iil{pl:lg [pmax} (11)
lanl” lanl L P2 Prvax » |

Therefore the problem of maximizing the minimum rate subject to per BS power

constraints for collaborative BS transmission can be written as
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max min{r,r,}
[t s il
anl® lanl LP2 | P

p,20,p, 20,1/ 20,1, 20
Since the rate functions are concave in the symbols’ powers, and the power
constraints are expressed as linear constraints, max-min rate optimization
becomes a convex programming problem. In the example embodiment the

5 closed-form solution may be obtained by solving the maximum common rate

problem

max vr
" [Iaul; . }H S [pm} - 13)
'aZII 'a22 [_ p pmax
p=p,=p,20r=x=r20
it is easy to verify that the optimal collaborative transmission power at each BS is
Pow = P/ max{lay, [ +la,[lay +lay [} (14)
10  Therefore the max-min rate achievable for collaborative BS transmission is given

by

' p
r, =log,| 1+—; =Tt > } (15)
ZI: o’ -max(la,|” + lay,Playl® + laxl)

Cell Collaborative Zone

15
In this section, we will investigate the relationship of the capacity improvement
due to BS collaboration and the distance of each MS to its serving BS in order to

define a cell coliaborative zone. The collaboration may increase the capacity
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within the collaborative zone, whereas only marginal capacity gain may be

achieved outside the collaborative zone.

The MS location in a cell may impact the capacity improvement from BS
collaborative transmission. Itis beneficial to represent (15) and (9) in the function
of the location, i.e. the distance of MS fo its serving BS in our system setup.
Toward this end, we first focus on average white Gaussian noise (AWGN)
channel and introduce the path loss into the channel model. We will discuss the

shadowing and fast fading effects thereafter.

AWGN Channel

The distance dependent path loss has the form of K -477, where K is the path
loss at a reference distance 1 mile, d is the distance between a MS and its

serving BS, and y is the path loss exponent. With reference to Figure 1, the

by by

coefficients of the channel H = {
' 21 22

} can be written as

h, <& 'dl_ﬂz

h,=K'"?-Q2R-d )"
12 1

h =K1/2 _d—7/2

h21 =Kl/2 _(2R_d2)—7/2

(16)

where R is the radius of the cell.
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hy

It is easy to verify that the channel matrix H ={
_ 21 2

} with coefficients shown

in (16) is full rank when d1<R and d,<R. The pseudo-inverse pre-filter matrix A in |

(6) can be simplified to the inverse matrix, i.e.

where det(H) = h,,h,, — h,h,, . Substituting (16) into (17) gives us the coefficients
of the zero forcing pre-filter matrix in the function of the MS distances to their
serving cells explicitly as

a4 =K’ 'dz_ylz/A(dladz)
ay, = K" 'dl_ylz/A(dndz)

-1/2 —-y12 .(18)
a, =—-K-2R-d,)7"*/A(d,,d,)
a, =-K"?-(2R-d,)""*[A(d,.d,)
where
A(d,,dy) = (d,d,)""* ~[(2R - d,)2R - d,)]"" (19)

Substituting (18) and (16) into (15) and (9) respectively, we can obtain the
following closed-form expressions of the achievable rates for collaborative BS

and non-collaborative BS transmissions as

i |
r, =log,| 1+—; Loy K 2(d,) . (20)
| o -max(d,” +(2R-d)7,d"+(2R-d,)7)
. -y -7
r_ =log,|1+ p_ -K -min ' CEM— )
P - K-QR-d)7 +0?’ p_ -K-2R-d,)” +0

Figure 2 depicts the achievable rates for the collaborative BS transmission 200

and non-collaborative 202 BS transmission according to (20) and (21). The
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radius of each cell is assumed to be 1 mile. K=f123*7 dB is the path loss at a
reference distance of 1 mile. The typical path loss eXponent y=3.8is used. The
antennas are assumsd to be omni-directional. BS’s transmission power cap is 10
W. We also assume a receiver noise figure of 5 dB, a vertical antenna gain of
10.3 dBi, a channel bandwidth of 1MHz, and a receiver temperature of 300 K.
This corresponds to the interference—frse SNR 18 dB at thé reference distance,

accouhting only for path loss while ignoring shadowing and Rayleigh fading.

As shown in Figure 2, the collaborative BS transmission is always better than
non-colléborative BS transmission. It is interesting to see that for-a given
diStahce d; of MS;, the maximum rate may be achieved when the distance of
MS,, i.e. dz is the same as d fon; both transmission schemes or vice versa.
Furthermore, the achievabl'e rate at a given distance d, may decrease inversely
with d2 monotonically. These properties can be easily proved through the

close-form expressions of the achievable rates (20).

Figure 3 depicts the achievable rate advantage of collaborative BS transmission
over non-collaborative transmission with respect to the MS distances with their
serving BSs. Figure 4 shows another 3-D view of the same picture in Figure 3.
Both figures show clearly that the rate advantage iﬁcreases with distance. The
further distance of MS to its serving BS or the closer to the cell coverage edge
300, 400 the greater the potential rate gain could be obtained through BS
collaborative transmission. This makes sense sincé the closer a MS to its

serving BS, the better signal quality received from its serving BS and the less
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interference received from adjacent cells in a n_on-collaboratiVe transmission
scheme. Collaboration from a relative far away BS might not provide much gain.
This figure also shons that the collaboration gain in terms of the rate advantage
is' determined by the minimum distance to BS of the two MSs. It allows us to

define the collaborative zone based on the MS distance to its serving BS.

The stéps of defining a collaborative zone according to MS locations and
communicating subsequently can be implemented as shown in the method 700

of Figure 7.
At 702 predetermine a threshold for each BS for the collaborative zone.

At 704 obtain distances of MS to their serving BS and compare the distance of
each MS with the threshold of the BS and consider those-MSs with their

distances greater than the threshold within collaborative zone of the BS.

At 706 report to a network coordinator the collaboration parameters, such as IDs -
of serving BSs and candidate collaborative BSs, IDs of MSs within the

collaborative zones, and candidate resources for the MSs.

At 708 determine one or more collaborative BSs depending on the collaboration
parameters for each of MS in the collaborative zones and transmitting control

parameters to the respective BSs.
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Ate 710 exchange amongst collaborative BSs the data/channel information for

the MSs only in the collaborative zone through backhaul.

At 712 transmit signals collaboratively with other BS to MSs in the collaborative

zone.

The threshold for the collaborative zone at 702 could be determined by the
minimum data rate requirement through (20) (d4 = d) or Figure 2. It could also be
determined through the advantage degree of BS collaboration over

non-collaboration or Figure 3 and Figure 4.

The determination of whether thé MS is in the zone at 704, may be implemented
in the BS by estimating the received MS signal strength. It can also obtain the
distance through a specific control signal, such as ranging-signal, if any. Whether
a MS is within the well-defined collaborative zone of its serving BS may be

determined solely by the BS separately in a distributed way.

The determination of collaborative BSs (BS2.,) at 708 by the network coordinator
may be implemented by determining whether the BS is one of the associable
BSs of another one or more MS (MS..;,) within a co'llaborative zone of one or
more the assoéiable BSs of the MS. The determination of collaborative BSs at
708 by the network coordinator may further comprise making sure the BS has a

common candidate resources with BS,.,.
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Once the collaborating BSs are determined the power optimisation to maximise
the minimal rate of the MS is determined in (14) and provided as one of the
control parameters. Altemative_ly the power optimization may be to maximise of |
the total sum-rate of all of the MSs. The network coordinator couid be a stand
alone node in the network. It could also be co-located with one of the BS (i.e. one

of BS is also the coordinator).

The exchange of information at 710 from the network coordinator to the
coordinating BSs can be implemented as shown in .Figu‘re 8. In Figure 8, the dots
862,804','8(-)6V represent the 3 BS. The sequence transmitted to coordinator
représent some of the control signals at 706. For example, BS 802 transmits its
identification no 802, its MS id 808, candidate frequency spectrum 812, and the

associable BS id 804.

Then, the coordinator pairs BS 802, BS 804 and MS 808 MS 810 for collaborative
transmission. It informs the BS 802, BS 804 with respective control signals 814 at

708.

Last, BS 802 and BS 804 exchange data and channel information 816 before

joint transmission to the MS at 710.

The collaborative communication between the BSs and the MS at 712 may be

implemented using the linear zero forcing or minimum-mean-squared-error
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collaboration scheme described previously. For example preboding in (4) may

be used long with the zero-forcing matrix in (6).

Fading Channel

In practice, a wireless signal may expeﬁence severe fading in the channel
including a slow fading component due to shadowing and a fast fading :
component{due to multipath. Although the achievable rates calculated according
to (20) and (21) for AWGN will be deviated significantly in the fading channel,

they can still be utilized as shown below.

Shadowing is causéd by obstacl.es between the transmitter and receiver that
attenuate signal power through absorption, reflection, scattering, and diffraction,
giving rise to random variations of the received power at a given distance. The
most common model for this attenuation is log-normal shadowing being applied
to both outdoor and indoor radio propagation environments. Specifically in this
model, the average path Ioés in dB is characterized by the path-loss model as in
AWGN above. Additionally, a random shadowing variable is added onto the path
loss which is Gaussian distributed with mean zero and a standard deviation oy
dB. ltalso vari_es slowly and is dependent on the Iécation and environment. On
top of the shadowing, a wireless signal will be further attenuated due to multipath
which causes the signal to vary frequently in time and within a short distance.
The fast multipath fading is usually modelled as a réndom variable with Rayleigh

or Rician distribution.
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Since the received signal at each location is a random variable and the
Gaussian/Ray\eigh/Rician distribution has infinite tails, any mobile in a cell has a
nonzero probability of experiencing received power below any value. Therefore
we will employ outage capacity to study the collaborative gain as in the
cell-coverage study. We will quantify thé achievable rates in fading channels for

a transmission scheme in terms of throughput at 10% outage.

Figure 5 depicts the achievable rate contour in fading channels (dotted lines) for
the collaborative BS transmission with respect to the MS distances to their
servihg BSs. The shadowing is assumed to be lognormal distribution with mean
zero and standard deviation cw=.8 dB. Rayleigh fading with zero mean, unit
variance complex Gaussian component is assumed for the fast fading. The
numbers in the figure denote the achievable rates contour with 10% outage. For
comparison, we have included as well the achievable average rate contours
(solid lines) which are also corresponding to the achieQabIe rates in AWGN. ,It
shows in the figure that the achievable rate contours of the collaborative BS
transmission in fading channels with 10% outage exhibit similar shape as in
AWGN channels, but the achievable rates are decreased by about 40% - 60%. It
implies that the collaborative zone can still be determined by the minimum
distance to BS of the two MSs according to the steps described in AWGN
channels. However, we need to add in a correction factor when we determine the

threshold of the collaborative zone at 702. The correction factor is as expected
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related to the severity of the fading and its statistics is assumed to be known at

the system planning phase.

The correction factor could be determined by Figure 5. Say we want to achieve

rate 4 bps/Hz in the fading channel. From Figure 5 we know that this corresponds
to 10 bps/Hz in AWGN channel (the daéh line and the solid line are overlapping in
the figLire). So we may use the distance calculated from AWGN, but for different
achievable_rate. Thus 10 bps/Hz would be used in determining the threshold for

distance at 702.

As the received power varies slowly due to shadowing, it is possible for MS to
measure the average signal-to-noise ratio (SNR) and mitigate the effect of
shadowing fading. Once the SNR level is available at each MS, the collaborative

zone can also be determined through SNR values.

Figure 6 illustrates the achievable rate contour in fading channels (dotted lines)
for the collaborative BS transmission with respect to the MS SNRs in their serving
BSs. The same simulation setup and denotation is used as in previous
simulations. The achievable average rate contours (solid lines) corresponding to
AWGN is also shown for comparison. From Figure-6, similar conclusions can be
drawn that the achievable rate contours of the collaborative BS transmission in
fading channels yvith 10% outage exhibit similar shape as in AWGN channels,
implying the collaborative zone can be determined through the SNR ofa MS in ité

serving BS similar to the steps described above. Comparing Figure 6 and Figure
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.5, it can be found that the difference of the achievabie rates in the fading

channels and AWGN channel in Figure 6 is smaller than that in Figure 5. With
the knowledge of SNR of each MS in the case of Figure 6, the actual achievable
rates in fading channels is about 60% of the achievable rates in AWGN, going up

from the 40%-60% as in the case of Figure 5 with location information. This

means that we can have a smaller and more accurate correction factor if we have

the knowledge of SNR.

With SNR of each MS, we can define the collaborative zone accordingly similar to
the step's' in AWGN, replacing the distance information with SNR. - The corrected

rate would be used in determining the threshold for SNR at 702.

The described embodiment should not be construed as limitative. For example,
the described embodiment describes the collaborative zone as a method but it
would be apparent that the method may be impiemented as a device, more
specifically as an Integrated Circuit (IC). In this case, the IC may include a
processing unit configured to perform the various method steps discussed
earlier, but otherwise operate according to the relevant communication protocol.
For example the described embodiment is particularly useful in a cellular
network, such as a 4G network, but it shouid be .apparent that the described
embodiment m.ay also be used in other wireless communication networks. Thus
MS devices, BS and other network infrastructure may incorporate such ICs or
otherwise be programmed or configured to operaté according to the described‘

method.
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Whilst there has been described in the foregoing description embodiments of the
present invention, it will be understood by those skilled in the technology
concerned that many variations in details of design, construction and/or

operation may be made without departing from scope as claimed
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CLAIMS

1. A method of cohmunication comprising:
determining whether a mobile station (MS) is within a collaborative zone
with respect to a first base station (BS,),
if the MS is within t.he collaborativé zone:
the BS, transmitting one or more collaboration parameters to a
network coordinator,
the network coordinator determining one or more collaborative base
stations .(BSIQ-n) depending on the collaboration parameters,
the network coordinator transmitting control parameters to the BS; and
the BSa.,, |
the BS, exchanging information with the BS,., in accordance with the
control parameters, and
the BS; and the BS.., collaboratively transmitting data to the MS in

accordance with the control parameters.

2.  The method according to claims 1, wherein the determining whether the
MS is within the collaborative zone comprises determining whether a distance

between the MS and the BS; is over a predetermined threshold.

3. The method according to claims 1 or 2, wherein the determining whether
the MS is within the collaborative zone comprises détermining whether a signal to

noise ratio (SNR) is below a predetermined threshold.
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4.  The method according to claims 1 or 2, wherein the determining whether
the MS is within the collaborative zone comprises the BS, transmitting at least an
MS ID for the MS to the network coordinator and determining whether the

network coordinator receives the same MS ID from other base stations."

5.  The method according to any one of the preceding claims further -
comprising determining a collaborative zone threshold based on the minimal

achievable rate of each MS.

6. The method according to any one of claims 1 to 5 further comprising
determining a collaborative zone threshold based on the sum rate of all MS within

the collaborative zone of BS, and the BSy.p.

7. The method according to claim 6 or 7 wherein the determining the
collaborative zone threshold is also based on a correction factor for channel

fading.

8. The method according to any one of the preceding claims wherein if the MS
is not within the collaborative zone, the BS1 will non collaboratively transmit data

to the MS.

9. The method according to any one of the precéding claims wherein the one

or more collaboration parameters are selected from the group consisting of a BS4
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ID, a MS ID, a candidate resource, associable BS IDs and any combination

thereof.

10. The method according to any one of the preceding claims wherein the
control parameters comprise transmission resources and/or collaborative BS IDs

for each MS.

11. The method according to claims 1 to 7 wherein the BS1 exchanging
information with the BS2., comprising the BS, transmitting via a wired backhaul
data to be fransmitted to the MS and the channel information between the MS
and the BS; in accordance with the control parameters to the BS;., one or more

other collaborative base stations.

12. The method of communication according to claim 12, wherein the BS;
exchanging information with the BS.., further comprising the BS4 receiving via
the wired backhaul the data to be transmitted to a further mobile station (MS,)
within a collaborative zone of the Bég_n and the channel information between the

MS; and the respective BS,., in accordance with the control parameters.

13. The method according to any one of the preceding claims wherein the
collaboratively transmitting data comprises a linear zero-forcing or

minimum-mean-squared-error collaboration scheme.
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14. The method according to any one of claims 1 to 3or 5 to 13 when
dependent on any one of claim 1 to 3, wherein the détermining whether the MS is

within the collaborative zone is done independently by the BS;.

15. A method for signal transmission from two or more base stations (BSs)
collaboratively to one or hore mobile sfatiohs (MSs) which have a 1st parameter
with its associated BS exceeding/below a predetermined threshold, the method
comprising;

each BS reporting to a network coordinator a BS ID, and the ID, candidate
resourc‘e's,‘and associable BS IDs for each of the associated MS,

the network coordinator determining the transmission resources and other
collaborative BS IDs for each MS,

the network coordinator informing each BS, the transmission resources and
said collaborative BS IDs for each MS,

each said BS exchanging information with said collaborative BSs for a MS
that is associated to said each said BS, and

each said BS, together with said collaborative BSs transmit signals with the
said transmission resources simultanéously to a group of MSs sharing the same

BS set, said BS set comprising the associated BSs and collaborative BSs.

16. Anintegrated circuit configured to communicate according to the method in

any of claims 1 to 15.
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17. A mobile station configured to communicate according to the method in any

of claims 1t015.

18. A base station configured to communicate according to the method in any

of claims 1 to 15.

19. A network coordinator configured to communicate according to the method

in any of claims 1to 15.
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