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METHOD FOR SCHEDULING USER EQUIPMENT IN A HETEROGENEOUS
NETWORK

CONTEXT AND BACKGROUND OF THE INVENTION

The invention generally relates to scheduling in a cellular network, more
particularly for the uplink transmission in a heterogeneous cellular network.

Wireless networks have witnessed the proliferation of smart communication
terminals and drastic growth in the network traffic from data services. To effectively
cope with the rapidly growing demands on network capacity, heterogeneous networks
have been proposed, where small cells are introduced, as a complement to macro cells.
Such small cells allow to significantly offload the traffic from macro cells, and to
extend the network coverage. In addition, access nodes (or hotspots) of such small cells
may use the short transmission range for exchanging data with user equipment, thus
increasing local capacities at hotspots.

However, such small cells have a coverage overlapping that of the macro cells.
Their presence in the heterogeneous network (HetNet) thus creates severe interference
scenarios in both the uplink and the downlink to the overlaid macro cells, and vice
versa. Small cells also receive significant interference from co-channel macro cells.
These high interference levels may compromise the benefits obtained through the use
of additive small cells in cellular networks operating with universal frequency reuse,
such as the 3GPP UTRAN Long Term Evolution (LTE).

Actually, when a macro-associated user is in the vicinity of a small cell, it is far
away from the serving node of the macro cell: hence, it has to increase its emitting
power to compensate for the large propagation loss. However, the short distance
between this user and the small cell access node, combined with a high transmission
power, may generate severe interference in the small cell uplink.

The uplink interference may substantially jeopardize the received signal quality of
small cells and, in turn, the transmission performance. If closed-loop power control is
adopted in the small cell uplink, users will reactively increase the transmission power
to maintain the signal-to-interference-plus-noise ratio (SINR). Nevertheless, this may
add to the co-channel interference in the uplink of macro cells and may aggravate the

already weak macro cell uplink channels.
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A solution could consist of allocating some sub-bands for the exclusive use of
macro cells to avoid cross-tier interference. This may significantly enhance the
received signal quality of both macro cells and small cells, but at the cost of limiting
the spectrum access in small cells.

In order to improve the performance and quality of experience of mobile users in a
cellular network such as a LTE (Long Term Evolution) network defined in E-UTRAN
standard,, several approaches have been proposed to control the uplink inter-cell
interference. Among these, P. Frank et al. suggest, in an article called “Cooperative
Interference-Aware Joint Scheduling for the 3GPP LTE Uplink™, IEEE PIMRC, 2010,
to perform coordinated scheduling between different base stations (BS): thus, different
BSs cooperate with each other via a fast backhaul network, in order to jointly allocate
frequency resources to the various UEs (User Equipment), taking the inter-cell
interference from and to nearby BSs into account.

According to this method, the resource allocation is performed in a cooperative
fashion by a central scheduling unit for a set of cooperating BSs. Multi-cell Channel
State Information (CSI) of all UEs associated with the set of cooperating BSs can be
periodically exchanged in order to predict the experienced inter-cell interference level
if a certain UE would be scheduled on certain physical resource blocks. This
information is then considered in the scheduling decisions for minimizing the inter-cell
interference, leading to an interference-aware scheduling.

Though very interesting for conventional LTE Release 8 cellular networks, such a
multi-cell scheduling method was solely designed for homogeneous networks, and does
not take into account the characteristics of interference scenarios encountered in the
uplink of heterogeneous networks. In other words, such a method is not optimized in
terms of performance or complexity for HetNet, notably as it requires the use of a
central scheduler, which is needed to make scheduling decisions based on global user
channel information.

PCT application WO2015/081570 describes a method for scheduling user
equipment in a heterogeneous network, or HetNet, comprising at least one macro cell
and at least one small cell having at least partially overlapping coverage, the method
being run by a scheduling unit for said at least one macro cell and comprising the steps

of:
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- scheduling user equipment served by said macro cell and allocating radio
resources to said scheduled user equipment,

- determining a set of at least one of said scheduled user equipment prone to
cause interference in the uplink on at least one of said small cell(s), called a
victim small cell,

- sending, through a backhaul link between said scheduling unit for said macro
cell and a scheduling unit for said victim small cell, a coordination message
comprising information on said at least one scheduled user equipment prone to
cause interference on said victim small cell and on radio resources allocated to
it.

The heterogeneous network coordinated scheduler in WO2015/081570 presents a method
of utilizing macro scheduling information in small cell resource allocation to find the best
user combination on resource blocks. Nevertheless, it is confined to single-point reception
hence the small cell scheduler attempts to find the user that is spatially orthogonal to the
aggressor macro-associated user. This imposes constraint on small cell reception as some
spatial degree of freedom is used in nulling macro user interference. Moreover, macro user
does not benefit from the coordinated scheduler even though it is subject to the weak

communication link to the serving cell.

SUMMARY OF THE INVENTION

The invention aims at proposing a method for interference-aware scheduling in a
heterogeneous network that can improve the existing situation. There is proposed an

innovative centralized scheduler for the HetNet system.

In this respect, the invention relates to a method for scheduling user terminals in a
heterogeneous network comprising a plurality of cooperating cells constituted by at
least one macro cell and at least one small cell having at least partially overlapping
coverage, each cooperating cell having corresponding radio resource blocks assigned to
their respective user terminals, the method being run by a centralized controller that
performs radio resource block assignment for said cooperating cells, wherein radio

resource block assignment comprises:
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a first step in which radio resource blocks of the small cell are allocated to user terminals
that maximize a first utility metric associated with said radio resource blocks of the small
cell, and

a second step in which for assigning a radio resource block of the macro cell, a second
utility metric associated with said radio resource block of the macro cell is determined for
each combination of user terminal of the macro cell and of a user terminal of the small cell
assigned to the corresponding radio resource block, and the radio resource block of the
macro cell is assigned to the user terminal of the macro cell that maximizes said second

utility metric.

Hence, the invention relies on a novel and inventive approach of the scheduling in a
heterogeneous network. The centralized controller performs a centralized scheduling and is
responsible for user-channel assignment for a cluster of macro cells and overlaid macro
cells. The centralized controller attempts to find the best user terminal combination for
assigned radio resource blocks, managing interference and boosting performance for user
terminals both in small cells and in macro cells. Global visibility of user channel
conditions and joint decisions for both transmit and receive ends allow the proposed
centralized controller to effectively mitigate the cross-tier interference in the HetNet uplink
and to optimize the user performance of both small cell user terminals and macro cell user

terminals.

An interfering user terminal associated with a macro cell is typically on a weak link
towards its serving cell, and thus the performance of said user terminal should be enhanced
maybe as equally as its small cell user terminal counterpart that is subject to the uplink
interference. One solution is to implement successive interference cancellation (SIC)
receiver at the small cell access point. In order to cancel the interference introduced by
macro-associated users, macro user signals need to be decoded by small cells. The decoded
information can be sent to macro cell whereby decoding switching can be performed

between serving node and small cell node to enhance macro user performance.

As illustrated above, SIC performance is subject to the received power of small cell signals

(traditionally considered as desired signals) relative to the macro cell user signals (used to
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be considered as interfering signals). The method allows determining the best user

combination in conjunction with SIC receivers and multi-node decoding switching.

According to an embodiment, each macro cell receives channel state information from
each user terminal served by said macro cell, and on the basis of said channel state
information, each macro cell partitions the user terminals served by said macro cell into
two user sets defined by their reception mode:
- asingle-node reception user set for the user terminals which are not
prone to cause interference in the uplink on at least one small cell, and
- acoordinated multi-point reception user set for the user terminals which
are prone to cause interference in the uplink on at least one small cell;
and the second step comprises
¢ determining among the single-node reception user set the user terminal that
maximizes a combined utility metric associated with said radio resource block in
combination with the user terminal of the small cell to which the corresponding
radio resource is assigned;
¢ determining among the coordinated multi-point reception user set the user terminal
that maximizes a combined utility metric associated with said radio resource block
in combination with the user terminal of the small cell to which the radio resource
is assigned;
¢ assigning the radio resource block of the macro cell on the basis of a comparison of
the combined utility metric of said determined user terminal from the single-node
reception user set and of the combined utility metric of said determined user

terminal from the coordinated multi-point reception user set.

As a means to enhance user signal quality, multi-point joint reception mode is considered.
Therefore, the central controller takes into account the multi-point reception in user
terminal pairing such that the best user terminal pairs are not necessarily to be mutually
orthogonal but rather maximize the utility metric with multi-point reception technologies.
It is favorable to partition user terminals served by a macro cell into two user sets, i.e. a
single-node reception (SNR) user set and a coordinated multi-point (CoMP) reception user

set, and apply different scheduling strategies accordingly.
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For the sake of simplicity, and since the combined utility metric for a user terminal of the
single-node reception user set may be approximated by a utility metric of said user

terminal, without consideration for any user terminal of the small cell.

The method may also comprises steps in which:

- a small cell receives signals from user terminals of the coordinated multi-point
reception user set, decode said signals, and send said decoded signals to a macro cell,

- said macro receives signals from user terminals of the coordinated multi-point
reception user set, and decode said signals,

- wherein the signals decoded by the small cell and the signals decoded by the
macro cell are compared to each other, and for each user terminal, a decoded signal of said
user terminal is selected on the basis of this comparison, said selected decoded signal being
used for determining the combined utility metric for said user terminal of the coordinated

multi-point reception user set.

This allows maximizing the performance of a user terminal of the CoMP user set, by
exploiting the signals received by a small cell from said user terminal of the CoMP user set,
not only for successive interference cancellation, but also for maximizing the efficiency of

the radio resource block assignment.

Preferably, the combined utility metric for said user terminal of the coordinated multi-point

reception user set is determined from an average throughput R, of user terminal i of the
macro cell, an average throughput R; of user terminal j, of the small cell, an estimated

data rate r; of user terminal i of the macro cell, an estimated data rate rj of user terminal j
of the small cell:
.. 1 1
PF(, j)=—r +—r,
R» R . Ji

t Ji

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects, objects and advantages of the present invention will become better

apparent upon reading the following detailed description of preferred embodiments thereof,
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given as non-limiting examples, and made with reference to the appended drawings
wherein:

- FIG. 1 represents an exemplary heterogeneous network N in which the method of
the invention can be run;

- FIG. 2 illustrates interactions between an exemplary configuration of two macro
cells, a small cell and a centralized controller;

- FIG. 3 illustrates the partitioning of the user terminals according to their
respective location with respect to a macro cell and a small cell;

- FIG. 4 is a diagram illustrating steps of the scheduling method according to a

possible embodiment.

DETAILED DESCRIPTION OF THE INVENTION

It must be noted that, throughout this document, the terms “small cell” designate any cell,
which is smaller than a conventional macro cell served by a macro base station, as
described in the LTE standard: for example, such a small cell may be a pico cell for in-
building coverage, or a femto cell served by an access point, which is called a Home Node
B (HeNB). More precisely, an heterogeneous network as described in this document
usually comprises macro eNodes B (eNBs), which are deployed for initial coverage of the
network by macro cells, and pico access nodes or HeNBs, which serve small cells, and are

added to the network for capacity growth and better user experience.

Figure 1 represents a network N in which the methods of the invention are run. The
network N is for example a heterogeneous LTE network, comprising several macro
cells and several small cells showing overlapping coverage. For the sake of clarity, the
network N on figure 1 shows only one macro cell MC, covered by an access node ANI.
The network N also comprises two small cells SC1 and SC2, which coverage is
included in the coverage of the macro cell MC. Each small cell SC1, SC2 is covered by
an access node, respectively AN2, AN3. Each access node AN1, AN2, AN3, comprises
at least one antenna for radio signal transmission. Several mobile devices, such as
mobile phones, laptops or tablets for example, are attached to the access nodes of
network N. As shown in figure 1, mobiles devices SUE1 and SUE2 are respectively
attached to access nodes AN2 and AN3 of small cells SC1 and SC2. Hence, a

transmission channel is established between the mobile device SUE1 and the access
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node AN2, as well as between the mobile device SUE2 and the access node AN3.
Small cells SC1 and SC2 thus serve respectively mobile devices SUE1 and SUE2.

While traffic is served by macro base stations in homogeneous networks,
deploying small cells SC1, SC2 in heterogeneous network N offers capacity gains by
traffic offloading, which means that UEs are preferably served by the small cells SCI,
SC2, rather than the macro cell MC. Better load balancing between macro and small
layer improves the network capacity and the user experience. To this end, as shown in
figure 1, the coverage area of the small cell SC1, SC2 is artificially enlarged, in such a
way that the UE should connect to the small cell even if the macro cell downlink
coverage is stronger. Such an artificial enlargement is called a Range Extension Zone,

shown as REZ1 for small cell SC1 and REZ2 for small cell SC2.

Other mobile devices MUE1 to MUE4 are also located in the coverage area of
the macro cell MC.

User association is classically determined following some well-known criteria:
for example, a mobile device is attached to the cell from which it receives the
maximum Reference Signal Receive Power (RSRP). Actually, RSRP is a key parameter
in LTE network measurement, which provides cell-specific signal strength metric. This
measurement can be used to rank different LTE cells according to their signal strength,
and hence serves as an input for handover and cell reselection. RSRP is defined for a
specific cell as the linear average over the power contributions (in Watts) of the
Resource Elements (REs), which carry cell-specific reference signal within the

considered measurement frequency bandwidth.

According to this RSRP criterion, adjusted with RE bias, it is decided that
mobile devices MUE1 to MUE4 are all camping on the macro cell MC. As can be seen
on figure 1, mobile device MUEI is located in a so-called imbalance region IR, at the
boundary between the macro cell MC and the small cell SC1. Therefore, MUEI
transmission power has to be tuned high to compensate for the weak channel link
between itself and the access node AN1 of the serving macro cell MC. This may create
strong interference in the uplink of small cell SC1 and compromise the user
performance, for example for the mobile device SUEI. Such a strong interference is
illustrated in figure 1 by a dashed arrow going from user equipment MUE] to access

node AN2 of small cell SC1. Other mobile devices MUE2 and SUE2 may also generate
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some interference on small cell SC1, also illustrated by dashed arrows between mobile
devices SUE2, MUE2 and access node AN2. However, such interference is typically
weaker than that generated by mobile device MUEL.

One possible approach to mitigate the uplink interference is to employ advanced
successive interference cancellation (SIC) techniques at small cell receive ends. By
decoding MUE 1 signal and then subtracting the macro-generated interference, small cell
signals can be better recovered. Nevertheless, the performance of the SIC method is
sensitive to the received power of small cell signals with respect to the macro user
interference. The benefit is manifest when the interference introduced by the macro user is
significantly higher to allow successful decoding of interfering signals. With this macro
interference can be accurately generated and then eliminated from signals at the small cell
receiver. In cases that the received power of desired signals and interfering signals are
similar, the performance gains may diminish. It thus adds to the complexity of small cell
access nodes AN2 and AN3, and the performance is sensitive to the interference levels of

cross-tier signals.

An alternative method is presented in WO2015/081570 that utilizes macro-cell
scheduler decision to find small cell users that best match to macro cell interferers. Those
small cell users are nearly orthogonal to the macro-associated users in the spatial domain

such that their signals can be separated from the interfering signals.

Figure 2 shows a generic framework of an exemplary simplified embodiment of the
present invention. The system comprises a centralized controller CC that jointly determines
user terminal reception mode and schedules user terminal data packet transmission for a
number of cooperating cells. The cooperating cells comprises two macro cells MC and one
small cell SC. Since multi-point reception best works with tight coupling between macro
cells and small cells, the cooperating cells are preferably linked by low-latency, high-
bandwidth inter-BBU connections. Thus it is conveniently applied to baseband unit (BBU)

centralization architectures, e.g., Cloud RAN.

In a first stage S1, each cooperating cells MC, SC receive channel state information
(CSI) from their respective user terminals and from the user terminals prone to cause
interference. User terminal thus report to their respective serving cells the CSI of their
links to the serving cells as well as those that are the most susceptible to the uplink

interference caused by the user terminals.
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In a second stage S2, each macro cell MC partitions the user terminals MUE served
by said macro cell MC into:

- a single-node reception (SNR) user set for the user terminals MUE
which are not prone to cause interference in the uplink on at least one
small cell SC, and

- a coordinated multi-point reception user set (CoMP) for the user
terminals MUE which are prone to cause interference in the uplink on at

least one small cell SC.

Figure 3 illustrates the partitioning of the user terminals according to their respective
location with respect to a macro cell and a small cell. Multi-node decoded user terminals
users are distinguished from user terminals received by one serving cell only. In figure 3,
there are three user terminals UE1, UE2, UE3 at different radio positions with respect to
two serving nodes. The serving node on the left is a high power macro base station
defining a macro cell and the serving node on the right is a low power access point
defining a small cell. The macro cell and the small cell have overlapping coverage. User
partitioning is typically determined by user terminal measurement of RSRP power in the
downlink. The resulted cell coverage, marked by the right-most vertical dashed line, is

quite limited for small cell for which the radio resource is under-utilized.

To offload more users to the small cell, cell range extension (CRE) is introduced to
offset the RSRP associated with small cell whereby small cell boundary is extended
(denoted by the vertical dashed line in the middle) and more users can camp on small cells.
Typically the CRE boundary is not as far as the point where user pathloss to the low power
node equals that to the high power base station (denoted by the left-most vertical dashed
line in the figure), otherwise the downlink coverage of small cell will becomes too weak

compared to the macro interference.

According to CRE criterion, UE1 and UE2 camp on the macro cell while UE3 is
associated with the small cell. For user terminals i€ {1,2,3}, P! is the respective transmit
powers from user terminal i, Pri,m is the received power at macro base station from user

terminal i, and Pri,s the received power at small cell from user terminal i, respectively.

Located at the inner region of macro cell MC, UEI is received by the serving macro MC
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cell at Prl,m that is significantly higher than interfering signals. Thus the desired signals can
be reliably decoded. On the other hand, UE1 signal power received by the small cell node

SC, ie., P, is quite weak compared to that of small cell users. Therefore, attempts to

decode UEI signal at small cell node SC may lead to unreliable results and it is not

recommended to apply multi-point reception to UEI.

UE 2 is located at the outer region of macro cell MC and it is equally distant from

small cell node SC as from the macro cell base station MC or even closer to the former
geographically. As a result, it is received at a high power level Pri,m by small cell node SC.

Multi-path diversity can be exploited to achieve significant gains in user throughput by
applying multi-point reception to this user. Moreover, decoded UE2 signals can be used to
re-construct the introduced interference and help decoding small cell user signals via
successive interference cancellation SIC.

The user terminal partitioning, or user terminal classification can follow a variety of
sensible rules and only some exemplary ways are given for separating CoMP user

terminals from SNR user terminals are given below.

A first way is pathloss-determined user terminal classification. Under this rule, macro
user terminals that are closer to small cells SC are considered for CoMP decoding, i.e. as
belonging to a coordinated multi-point reception user set. Hence said coordinated multi-

point reception user set can be determined as

v ={iliev,. a;, -a, > Aa} (1)
uSR ={iliev,. a;, -, <Aal, 2)

where U, denotes user terminals camping on macro cell m, ¢, , denotes the pathloss
between user i and macro cell base station m, ¢; ; denotes the pathloss between user i and

small cell node and A denotes the system-defined parameter for user terminal portioning

which can be optimized via numerical experiments.

Another way is received power-determined user terminal classification. From user

terminal received power perspective, macro cell served user terminals that are received by
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small cell node at strong power levels are suitable for multi-point reception. It can be

formulated as

Pl =P —a, 2P +AP, (3)

r,s is <
where P, jis the target received power of small cell and AP denotes the system-defined
parameter for user separation which can be determined via numerical optimization.
Applying fractional pathloss compensation (FPC), such as explained in 3GPP TR36.942,
“Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) Systems

Scenarios”, macro user transmit power is given as

Pti = Inin{Pmax ’ Pm,O + 7/mai,m }’ (4)
where ¥,, <1is the FPC power control parameter. It is then derived that the CoMP user

terminals should satisfy

Ym@Pim — Qs 2P g—P, o +AP. (5)

i,s =
Therefore, CoMP user sets are determined as

{ UHSOMP,SHSOMP} = {i,S i€ Um’ Ynlim — % s 2 5,0 _Pm,O +AP}’ (6)

where §““MP denotes the small cells participating in CoMP with user terminals in macro

cell m. Correspondingly, the SNR user set of cell m is given by

USSR ={ilie U, 7@~ < Poo—Pog +AP}' -
Once the user terminals classified, in a third stage S3 each cooperating cell MC, SC reports
to the centralized controller CC said channel state information and each macro cell MC
reports user set information about the portioning of the user terminals served by said macro
cell. The cooperating cells report messages facilitating joint scheduling and multi-node
reception over an enhanced backhaul. There are two types of messages to be sent to the
central controller
— Instant user CSI (for serving and interfering links) that is sent every a few
milliseconds or up to every millisecond; and

— SNR and CoMP user set information from the macro cells. Since user

terminal reception mode is heavily dependent on the user terminal location,
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it needs not be updated frequently, because user terminal location does not

change very fast.

In a fourth stage S4, the centralized controller CC performs radio resource block
assignment for said cooperating cells. The centralized controller CC performs multi-cell
user terminal assignment to find the best user terminal pairs for the assigned resource

blocks by taking into account inter-cell interference and user terminal reception mode.

It is proposed an optimal way of determining best user combination for radio resource
blocks that can maximize sum user terminal throughput. Following the arguments of
user classification for macro cell, it can be realized that only user terminals in CoMP
user set may generate significant interference to small cell in the uplink. In other words,
user terminals of the macro cells in the single node reception user set are virtually
decoupled from user terminal of small cell in user assignment. This can greatly

simplify the procedures.

On the other hand, performance of user terminals of the macro cells in the CoMP user
set is heavily coupled on that of co-channel small cell user terminals and it is also true
vice versa. To find the user pair maximizing the overall performance, one way could be
to check all possible user pairs across cooperating cells, which incurs tremendous
complexity even for a moderate-sized CoMP cluster (i.e., assembly of cells that

participate in joint reception and coordinated scheduling).

Table 1 below illustrates the complexity of user terminals pairing for different

cooperation cluster sizes.

Number of macro cells in the CoMP cluster M ..o 9 3 1
Number of users per macro cell N ,.ro 10 10 10
. 2 2 2
Number of small cells in the macro coverage M.,
3 3 3
Number of users per small cell N .y
Exhaustive search 3.87e+17 | 7.29e+5 90

Number of user
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1 Mmacro MmacroMsma
pairs to be N (N ) n

macro

checked
Greedy search 144 48 16

(Nmacro + Nsmall ' Msmall) ' Mmacro

Table 1

Table 1 shows the number of user terminal pairs to be checked for CoMP clusters of
different size. It can be seen that exhaustive search incurs an exponential complexity
which becomes infeasible as the CoMP cluster size increases. Greedy search, an
algorithm that determines the user terminals successively and maximizes the combined
performance in each incremental step, can be used in practice to approach the optimal
performance. The resulting complexity is linear with respect to the number of
cooperating cells. Nevertheless, the cluster size should also be restricted to a small
number (e.g., a handful of cooperating macro and small cells) to minimize the

complexity of the proposed centralized scheduler.

A first way for performing such an assignment would be single cell user terminal
assignment regardless of the user terminal of the CoMP user set. This is a low-
complexity scheme where user assignment for each cell is determined independently
without considering the interference caused to neighbour cells. In computing the user
scheduling priority, user signal quality is determined by the link between the terminal
and the serving cell, i.e., CoMP reception is not taken into account in user assignment.

Obviously this is only a baseline user assignment method.

Another way is coordinated scheduling without considering CoMP classification. A
coordinated scheduler such as in WO 2015/081570 can also be used for allocating
resource blocks to user terminals. The interference that macro-associated user terminals
introduce to the proximate small cells is taken into account in selecting small cell users
to maximize the overall performance of cooperating cells. It is realized that macro
users in the SNR user set would not severely interfere small cells hence the user pairing

only tackles the interference caused by macro cell user terminals in the CoMP user set.
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First, all macro cells assign resource blocks to users with the maximum utility metric,
e.g., proportional fair (PF) metric, without considering the interference caused to small

cells.

Then, small cell scheduler transverses S43 over all resource block 1, and

— If a macro-associated user terminal belongs to the SNR user set, i.e.
i€ Uy » said user terminal does not introduce significant interference to

small cells. As a result small cell user terminal assignment is nearly

decoupled from macro cell scheduling, and the resource block is allocated

to the user associated with the maximum utility metric j; =argmax PF;(j),
Jeu,

where U ; denotes the small cell user set and PF;(j) denotes the PF metric

of user .

— If a macro-associated user terminal belongs to the CoMP user set, i.e.
i€ Ulpp» small cells assign the resource block to the user that are best

matched with macro cell users to achieve the maximum sum performance.

j; = argmax PF,(;, j) = argmax(PF, (i;) + PF,(}))
jeUS jeUS

The preferred way to assign radio resource block to user terminals associated to macro
cells is CoMP-aware coordinated user assignment. The CoMP-aware coordinated user
assignment scheme optimizing the overall performance of cooperating cells. It
determines the best user pair between macro cells and small cells following the greedy
approach. On the other hand it distinguishes itself as it takes into account the multi-
point reception mode and is closely coupled with the CoMP technologies applied at the

receiver end.

Figure 4 is a diagram illustrating steps of an exemplary CoMP-aware coordinated user

terminal assignment.

Radio resource block assignment comprises a first step S40 of small cell user terminal
assignment, in which radio resource block of the small cell SC are allocated to user
terminals SUE that maximize a first utility metric associated with said radio resource

blocks of the small cell.
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The centralized controller CC then performs a second step S42 of a CoMP-aware user
assignment in which for assigning a radio resource block 1 of the macro cell MC, a second
utility metric PF|(i, j;) associated with said radio resource block 1 of the macro cell MC is
determined for each combination (i, j;) of user terminal of the macro cell MC and of a user
5 terminal of the small cell SC assigned to the corresponding radio resource block 1, and the
radio resource block 1 of the macro cell is assigned to the user terminal of the macro cell

that maximizes said second utility metric PF((i, j)).

In a first step, radio resource blocks 1 of the small cell are allocated to user terminals that
maximize a first utility metric PF,(j) associated with said radio resource blocks 1 of the

10 small cell. All small cells assign resource blocks to the user associated with the maximum
utility metric j; =argmax PF;(j).
Jjeu,
The second step of the radio resource block 1 assignment comprises CoMP-aware user
assignment S42 of macro cell resource block to the user terminal with the maximum sum

utility metric as

i, = arg max PF, (i, j,) = arg max(PF, (i) + PF,(j,))

i€l,, i€l,,

15
= arg max{mgN)%(PFl (i)+ PF,(j,)), max (PF,@i)+ PF,(j, ))}
it U™

: (8)

User assignment in (8) can also be re-formulated as

i, = arg max(PF, (i) + PF,(j,)) ©)
ieUSNR

i, = arg max(PF, () + PF,(j;)) (10)
ey SMP

20  The second step of the radio resource block assignment thus comprises:

¢ determining (S44) among the single-node reception SNR user set the user terminal
?z that maximizes a combined utility metric PF\(i, j;) associated with said radio

resource block in combination with the user terminal of the small cell to which the
corresponding radio resource is assigned;

25 ¢ determining (S45) among the coordinated multi-point reception CoMP user set the

user terminal ; l that maximizes a combined utility metric associated with said
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radio resource block in combination with the user terminal of the small cell to

which the radio resource is assigned.

~
.

The utility metric PF (l l) of said determined user terminal 'l’vl from the single-node
5  reception user set is then compared (S46) with the utility metric PF (l,.\z) of said determined

user terminal ; l from the coordinated multi-point reception user set, and the radio resource

block of the macro cell is assigned on the basis of this comparison:

=]

if PF,(i))+PF,(j,) > PF,(i)) + PF,(j;)
i = . (11)
;  otherwise

Sy

10 The radio resource block is assigned to the user terminal associated with the higher utility

metric.

Regarding the joint user terminal assignment involving SNR user terminals S44,
macro cell associated user terminal data rate is determined by the link between the user
terminal and the serving macro cell. Macro cell associated user terminal that is best

15 matched with small cell user terminal j, shown in (9) can be re-written as

‘?' 1 Si 1 Sjl
j = arg max| —log,| 1+ = + log,| 1+ = (12)
weS® | R; Ijl_>m+Im+N0 le I, o, +1,+N,

m 1—>5 s

with:
R;: average throughput of user terminal i

R; |- average throughput of user terminal j;

2
20 S; = HW iHmh ; m“ P;: received power of macro cell associated user terminal i

2
P; : received power of small cell associated user terminal j;

Jes$7 1S J

N2
Y

2
P;: macro-introduced interference received with filter W,

JisS

_ H
Ii—>s - ijl,shi,s

I , . small cell interference excluding I;_.

2
.. 7 . . . . . .
I om= Hwi’mh J'M"H P; : small cell-introduced interference received with filter w, ,
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I m + small cell interference excluding 7; _,

m

Since small cell user terminals are normally closer to serving node, the assigned
transmit power is much lower than that of their macro cell counterparts. As a result the

interference introduced to macro cell is typically marginal, that is, I — 0. It is also

Ji—>m
realized that for users in SNR user set, they are unlikely to cause significant interference to
small cell user terminals either, 1.e., I,_,, — 0. In light of this, user terminals selected
from SNR user set can be decoupled from macro-cell-associated user terminal j; and

equation (12) can be simplified to

~ 1 S.
I =argmax —Ilog,| | + —— (13)
: iegU,S,LNR R; gz( Im+N0]

The combined utility metric for a user terminal of the single-node reception user set
can thus be approximated by a utility metric of said user terminal, and not by a
combined utility metric of said terminal of the single-node reception user set and of the

small-cell-associated user terminal j.

Regarding joint user assignment involving CoMP user terminals, with CoMP user
signal decoding can be noticeably improved resulting in enhanced user performance.
This alters user priority in resource assignment and should be taken into account

properly by the scheduler.

Accordingly,

- a small cell receives signals from user terminals of the coordinated multi-point
reception user set, decode said signals, and send said decoded signals to a macro cell,

- said macro receives signals from user terminals of the coordinated multi-point
reception user set, and decode said signals,

- wherein the signals decoded by the small cell and the signals decoded by the
macro cell are compared to each other, and for each user terminal, a decoded signal of said
user terminal is selected on the basis of this comparison, said selected decoded signal being
used for determining the combined utility metric for said user terminal of the coordinated

multi-point reception user set.
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Virtual Soft Handoff (VHSO) enabled dominant interference cancellation is set as an
example. In VSHO, small cell receiver performs successive interference cancellation
(SIC) to sequentially decode signals of small cell and interfering macro cells. Small
cell-decoded macro cell data is then sent to macro cells for selective combination, i.e.,
small-cell decoded signals is compared with those received by macro cells and the
better of the two would be retained. The combined utility metric for the user terminal of

the coordinated multi-point reception user set is determined from an average throughput R,

of user terminal i of the macro cell, an average throughput R i of user terminal j;of the

small cell, an estimated data rate r; of user terminal 1 of the macro cell, an estimated data
rate rj of user terminal j; of the small cell:
1 1
PF(i,j)=—r +—r,,
R» R . Ji

t Ji

Taking the case that joint scheduling is happened within macro cell and only one small
cell for example, pending on the decoding order of VSHO and the selective
combination results, there can be three different scenarios corresponding to different
sum utility metric for the VSHO-equipped small cell and the interfering macro cell,

under the case that only one small cell users collaborate with CoMP macro user.

In the first scenario, small cell decodes macro cell signals first; macro cell (such as eNB)
chooses small cell-decoded data. In this case, the estimated instantaneous data rates of

macro and small cell user terminals can be obtained as

PSR 2 log | 14— Jizs (14)
I; +1,+ N
1
90 — o, 141 (15)
I LN )
and the sum PF utility metric is given by
cov_ 1 osicca 1 sicaa
PF, (i, j;) _Fri +R—.rjl . (16)

l Ji
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In the second scenario, small cell decodes small cell signals first; macro cell (such as
eNB) choose small cell-decoded data. The corresponding user data rate and the sum PF

utility metric is given by

SIC-b Si_

r; :10 1+~ZA 17
i g2[ Is +N0j ( )
S,

,SICb j
=log,| 1+ L 18
i gz[ I o +1, +NOJ (18)
1
PE, G, Jl)_F I 4O, (19)

! Ji
In the third scenario, both the macro cell and the small cell performs single node

reception, resulting in

rPNR = log, i (20)
I, +Ng
#SNR =log,| 1+ S, ASIC-b 1)
g A AT I
PF.(i, ;) :irl.SNR +LrJ.SlNR (22)
R; R;
In equations (14)-(22), S;_, le Sy Pi denotes the received signal power of macro
cell user terminal with filter w, and I, le s le denotes the signal power of

small cell user terminal j; (posed as interference when decoding macro cell associated

user terminal 7). The combined utility metric PF, (i. jl) for the user terminal pair
{i. j,}e USMP x U _ can then be obtained as

PF(i. j;)=max(PF,(i, j;), PF, (. j;) PF.G, j;)).  (23)

CoMP

The joint scheduler transverse the set union U, XU, to compute the combined

CoMP

utility metric for all user terminal pair {i, J1 Je U, — XU, and to find the user terminal

pair associated with the maximum combined utility metric value according to expression

(10).
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It should be noted that the method of radio resource assignment for CoMP-aware user
terminals can also be extended to the macro layers for macro cells to determine the

scheduled user terminals in coordination.

After the centralized controller has performed radio resource block assignment for
the cooperating cells, in a fifth stage, the centralized controller adjusts modulation coding
scheme (MCS). Centralized controller accounts for accurate user signal signal-to-
interference-plus-noise ratios (SNRs) in a large CoMP cluster and adjust modulation
coding scheme (MCS) to closely couple with user terminal signal quality. Along the
process of determining user terminals’ SINR and MCS, user signal reception mode is also

determined.

Following user-resource assignment, the MCS employed by user terminal should be

decided. Nevertheless the SINR values derived at the user assignment stage cannot be used

in all scenarios. Macro cell in the CoMP cell set can be denoted as M={1,2,---,M }, for
any resource block [, the co-channel user terminals can be denoted as ill,ilz,- . -ilM . J; where

i denotes the selected user terminal by macro cell m and j; denotes the user terminal
selected by the small cell of interest. From the perspective of small cell user terminal j;,

there can be three different cases regarding the co-channel macro user terminals.

In the first case, all macro-cell-assigned user terminals are either from the SNR user set or
from the CoMP user set nevertheless the cooperating cell is not the small cell s of
consideration. In this case, small cell should perform single-node reception on user
terminal signals and the signal SINR can be estimated as

S.

SINR . = L (24)
J E
l Zm Lo + 1+ Ny

where I, __ denotes the interference that macro user terminal i;" causes to the small cell.
1

In the second case, there is only macro cell user terminal in CoMP reception with small
cell user terminal j,, all other macro user terminals are either received with single-node
reception or in CoMP reception mode with other small cells. Without losing generality we

assume the macro cell user terminal i, in in the CoMP with small cell associated user
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terminal j, . Following the derivation in the user assignment stage, the signal qualities of i,

and j, can be obtained as:

S
S SIC decodes macro user ij first
I, + zmﬂ Ly _ H + Ny
S
SINR, = he2E SIC decodesmacrouser j; first ~ (25)
C D L H N
S,
u Macro and small cell perform SNR
> L +Ng
m#l L >1
iy 1
= SIC decodes macro user #; first
> L H+N,
m#l 151 >8
S.
SINR; = L SIC decodes macro user j, first  .(26)
! I. . H +Ng
m I —>s
S;,
= Macro and small cell perform SNR
> L H N,
m ll >8

In the third case, there are more than one macro cell user terminal in CoMP reception

mode with small cell user terminal j, . Without losing generality, we assume the macro cell

N
user terminals {lln }nzl are jointly decoded with the small cell user terminal j; where

2<N<M. As a result, there are N+/ cells, i.e, N macro cells and small cell s, in the
10  CoMP cluster. The SIC decoding order is determined before computing the accurate user

SINRs. However, the steps of estimating user priorities (and associated SINRs) in user

assignment only applies to 2-point CoMP scenario, while there is no straightforward way

to extend it to a general (N+1)—point CoMP case.

An example of a 3-point CoMP (N =2) is given to show the complexity of determining
15 the SIC order of (N+/)—point CoMP where N >2. In summary, there can be 11 different

hypotheses regarding the multi-point reception of user terminals ill , ilz and j; , where ill and

ilz denote two macro-associated user terminals and j; denote the co-channl small cell user

terminal:

¢ User terminals ill, ilz and j, are decoded by small cell SIC in sequence;
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¢ User terminals ill , jpand ilz are decoded by small cell SIC in sequence;

¢ User terminals ilz . ill and j, are decoded by small cell SIC in sequence;

¢ User terminals ilz . jyand ill are decoded by small cell SIC in sequence;

¢ User terminals j;, ill and ilz are decoded by small cell SIC in sequence;

5 ¢ User terminals j;, ilz and ill are decoded by small cell SIC in sequence;

¢ User terminals ill and j; are decoded by small cell SIC in sequence, user terminal
ilz is decoded by the serving cell;

¢ User terminals j; and ill are decoded by small cell SIC in sequence, user terminal
ilz is decoded by the serving cell;

10 ¢ User terminals ilz and j; are decoded by small cell SIC in sequence, user

terminal ill is decoded by the serving cell;

¢ User terminals j; and ilz are decoded by small cell SIC in sequence, user terminal
ill is decoded by the serving cell;

¢ User terminals ill , ilz and j; are decoded by their own serving cells, respectively.

15 The module of the centralized controller responsible for MCS mapping needs to compute
the sum utility metrics corresponding to all the above-mentioned hypotheses and selects

the CoMP reception mode associated with optimum sum utility. The number of CoMP
hypotheses for the (N+17)-point CoMP can be shown to be Z:]_OCK,(n+1)! , which
increases quickly with respect to N.

20  Alternatively, a reduced-complexity algorithm is proposed to determine the SIC decoding
order and corresponding SINRs for user terminals participating in SIC. For illustrative
purpose, we define the notations as follows:

SIC(N.{x. x>, xy}) : N-point CoMP where the small cell employs SIC to

sequentially decode user terminal signals x; through x, in the

25 increasing order of n.
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SNR ({yl Y2,: Vg JL) Single-node reception where user terminal signals y;, y,,--- yp are

separately decoded by their own serving cells. It is clear that

S1d(, xl) is equivalent to SNR(xl) .

}/(SIC(N ,@SIC), SNR(@SNR )) sum utility metric of CoMP users in &% and SNR

(I)SNR

5 users in . When proportional fair criterion is used

for network utility then the utility function ¥ would be

PF metric.
SIC _

Without losing generality we assume the CoMP user set &y = {ill,ilz,---ilk,jl,---ilN} are

arranged in the decreasing order of received power at small cell such that
.n .m -k . sk+1
10 P >P! Va<mand P/ >PJi > P’ . The single-node reception user set is initialized

to be empty, that is, CIDSNR = ¢ . The proposed algorithm is given as below.

DEC_ORDER(®}“, 5™ | k)
Initialize @51 = &', @SN Z @SN N =|@f| -1, 0 =1
Compute sum utility metric ¥, = y(SIC(N +1, CIDSIC)> SNR (CIDSNR ))

15 {500y e 2%/
WHILE n<N DO
BN _ pNR
IFn<k
> :{xl""xn—l’xnﬂ,"'xk’jl""xN}’ k=k-1
20 ELSE

=SIC _ . L —
N _{xl""xk’Jl""xn—l,xn+1,"'xN}’ k=k

END IF
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Compute sum utility metric ¥ = }/(SIC(N ,PSIC )> SNR (EISSNR ))

IF 7>y
DEC_ORDER(&SC ,&SNR [

END IF

5 END WHILE

OUTPUT &€ and SNR
EXIT

The user terminal signal SINR can be determined for CoMP user set > =

{xl ,xk,jl,---xN}and SNR user set 5NR ={yl,y2,...yQ}as

e if n<k
I+ I +1,+N
10 SINR, =4 " Zm:”“ T8t 27)
28 Otherwise

ZN I +1,+N,

m=n+1 X, —>$

S .
Ji (28)

+1_+N,

I
m=k+1 X,—>$

S
SINR = Y (29)
v,

I +z I +N,
Zn x,—>q k#q yi—>q 0

These SINR values are then be used in MCS allocation.

After this fifth stage in which the centralized controller adjusts modulation coding scheme,
15 in a sixth stage, the centralized controller notifies all cooperating cells the results of the

blocks resources assignment, and the reception mode of the user terminals.
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Finally, in a seventh stage, each small cell decodes signals from user terminals of the
coordinated multi-point reception user set and sends said decoded signals to each macro

cell serving said user terminals. Successive interference cancellation can be performed.

While the present invention has been described with respect to certain preferred
embodiments, it will be apparent to those skilled in the art that various changes and
modifications may be made without departing from the scope of the invention as defined in

the appended claims.
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Claims

1. A method for scheduling user terminals in a heterogeneous network comprising a
plurality of cooperating cells constituted by at least one macro cell and at least one
small cell having at least partially overlapping coverage, each cooperating cell having
corresponding radio resource blocks assigned to their respective user terminals,

wherein radio resource block assignment comprises a first step in which radio resource
blocks of the small cell are allocated to user terminals that maximize a first utility metric
associated with said radio resource blocks of the small cell,

and a second step run by a centralized controller in which for assigning a radio resource
block of the macro cell, a second utility metric associated with said radio resource block of
the macro cell is determined for each combination of user terminal of the macro cell and of
a user terminal of the small cell assigned to the corresponding radio resource block, and the
radio resource block of the macro cell is assigned to the user terminal of the macro cell that

maximizes said second utility metric.

2. The method of claim 1, wherein each macro cell receive channel state information from
each user terminal served by said macro cell, and on the basis of said channel state
information, each macro cell partitions the user terminals served by said macro cell into
two user sets defined by their reception mode :
- a single-node reception user set for the user terminals which are not
prone to cause interference in the uplink on at least one small cell, and
- acoordinated multi-point reception user set for the user terminals which
are prone to cause interference in the uplink on at least one small cell;
and the second step comprises
e determining among the single-node reception user set the user terminal that
maximizes a combined utility metric) associated with said radio resource block in
combination with the user terminal of the small cell to which the corresponding
radio resource is assigned;
¢ determining among the coordinated multi-point reception user set the user terminal
that maximizes a combined utility metric associated with said radio resource block
in combination with the user terminal of the small cell to which the radio resource

is assigned;
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¢ assigning the radio resource block of the macro cell on the basis of a comparison of
the combined utility metric of said determined user terminal from the single-node
reception user set and of the combined utility metric of said determined user

terminal from the coordinated multi-point reception user set.

3. The method of claim 2, wherein the combined utility metric for a user terminal of the

single-node reception user set is approximated by a utility metric of said user terminal.

4. The method of claim 2 or 3, wherein

- a small cell receives signals from user terminals of the coordinated multi-point
reception user set, decode said signals, and send said decoded signals to a macro cell,

- said macro receives signals from user terminals of the coordinated multi-point
reception user set, and decode said signals,

- wherein the signals decoded by the small cell and the signals decoded by the
macro cell are compared to each other, and for each user terminal, a decoded signal of said
user terminal is selected on the basis of this comparison, said selected decoded signal being
used for determining the combined utility metric for said user terminal of the coordinated

multi-point reception user set.

5. The method of claim 4, wherein the combined utility metric for said user terminal of the

coordinated multi-point reception user set is determined from an average throughput R; of

user terminal 1 of the macro cell, an average throughput R; ; of user terminal j,; of the small

cell, an estimated data rate r; of user terminal i1 of the macro cell, an estimated data rate rj

of user terminal j; of the small cell:

1 1
PF(i,j)=—r +—r,,
( .]l Ri R]l Jr
6. The method according to any one of claim 2 to 5, wherein the centralized controller

notifies to the cooperating cells the reception mode of user terminals.
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7. The method according to any one of claim 2 to 6, wherein the centralized controller
adjusts modulation coding scheme by discriminating user terminals served by a macro

cell on the basis of their respective reception mode.

5 8. The method of any one of claim 1 to 7, comprising the following step:
(1) each cooperating cells receive channel state information from their respective
user terminals and from the user terminal prone to cause interference,
(2) each macro cell partitions the user terminals served by said macro cell into:
- asingle-node reception user set for the user terminals which are not
10 prone to cause interference in the uplink on at least one small cell, and
- acoordinated multi-point reception user set for the user terminals which
are prone to cause interference in the uplink on at least one small cell;
(3) each cooperating cell reports to the centralized controller said channel state
information and each macro cell reports user set information about the portioning of the
15 user terminals served by said macro cell,
(4) the centralized controller performs radio resource block assignment for said
cooperating cells,
(5) the centralized controller adjusts modulation coding scheme,
(6) the centralized controller notifies all cooperating cells the results of the
20  blocks resources assignment, the reception mode of the user terminals,
(7) each small cell decodes signals from user terminals of the coordinated multi-
point reception user set and sends said decoded signals to each macro cell serving said user

terminals.
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