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DESCRIPTION

TECHNICAL FIELD

[0001] Embodiments herein relate to a network node and a method therein. In particular,
embodiments herein relate to multiplexing a physical channel.

BACKGROUND

[0002] Devices such as User Equipments (UE) are also known as e.g. mobile terminals,
wireless terminals and/or mobile stations. Devices are enabled to communicate wirelessly in a
wireless communications system or wireless communication system, sometimes also referred
to as a cellular radio system or cellular networks. The communication may be performed e.g.
between two devices, between a device and a regular telephone and/or between a device and
a server via a Radio Access Network (RAN) and possibly one or more core networks,
comprised within the wireless communications system.

[0003] Devices may further be referred to as mobile telephones, cellular telephones, or laptops
with wireless capability, just to mention some further examples. The devices in the present
context may be, for example, portable, pocket-storable, hand-held, computer-comprised, or
vehicle-mounted mobile devices, enabled to communicate voice and/or data, via the RAN, with
another entity, such as device or a server.

[0004] The wireless communications system covers a geographical area which is divided into
cell areas, wherein each cell area being served by a base station, e.g. a Radio Base Station
(RBS), which sometimes may be referred to as e.g. "eNB", "eNodeB", "NodeB", "B node", or
BTS (Base Transceiver Station), depending on the technology and terminology used. The base
stations may be of different classes such as e.g. macro eNodeB, home eNodeB or pico base
station, based on transmission power and thereby also cell size. A cell is the geographical area
where radio coverage is provided by the base station at a base station site. One base station,
situated on the base station site, may serve one or several cells. Further, each base station
may support one or several communication technologies. The base stations communicate over
the air interface operating on radio frequencies with the devices within range of the base
stations.

[0005] In some RANSs, several base stations may be connected, e.g. by landlines or
microwave, to a radio network controller, e.g. a Radio Network Controller (RNC) in Universal
Mobile Telecommunications System (UMTS), and/or to each other. The radio network
controller, also sometimes termed a Base Station Controller (BSC) e.g. in GSM, may supervise
and coordinate various activities of the plural base stations connected thereto. GSM is an
abbreviation for Global System for Mobile Communications (originally: Groupe Special Mobile).
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[0006] In 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE), base
stations, which may be referred to as eNodeBs or even eNBs, may be directly connected to
one or more core networks.

[0007] UMTS is a third generation mobile communication system, which evolved from the
GSM, and is intended to provide improved mobile communication services based on Wideband
Code Division Multiple Access (WCDMA) access technology. UMTS Terrestrial Radio Access
Network (UTRAN) is essentially a radio access network using wideband code division multiple
access for devices. The 3GPP has undertaken to evolve further the UTRAN and GSM based
radio access network technologies.

[0008] According to 3GPP GSM EDGE Radio Access Network (GERAN), a device has a multi-
slot class, which determines the maximum transfer rate in the uplink and downlink direction.
EDGE is an abbreviation for Enhanced Data rates for GSM Evolution. In the end of 2008 the
first release, Release 8, of the 3GPP Long Term Evolution (LTE) standard was finalized and
later releases have also been finalized.

[0009] Recent developments of the 3GPP LTE facilitate accessing local Internet Protocol (IP)
based services in the home, office, public hot spot or even outdoor environments. One of the
important use cases for the local IP access and local connectivity involves the direct
communication between devices in close proximity, typically less than a few 10s of meters, but
sometimes up to a few hundred meters of each other.

[0010] In network-controlled so-called Device-to-Device (D2D) communications, a network
such as a radio access network assists devices that are in the proximity of each other to
discover one another, in a process referred to as device discovery, and establish a direct link
referred to as D2D bearer establishment, rather than a link via the base station. In fact, when
two devices communicate with each other via a cellular base station, the communication path
involves an uplink hop and a downlink hop, both with associated resources, as opposed to the
single hop direct D2D link. In the context of this disclosure, the expression Downlink (DL) is
used for the transmission path from the base station to the mobile station or device. The
expression Uplink (UL) is used for the transmission path in the opposite direction i.e. from the
mobile station or communication device to the base station.

[0011] The initiation of the establishment of the D2D link may be made by the radio access
network or by any of the devices of the D2D pair. In network initiated D2D link establishment,
the network realizes that two communicating devices are in proximity of each other. In device
initiated D2D link establishment, the devices discover the proximity of each other and also
some of their capabilities which is necessary for them to establish a D2D link, similar to
Bluetooth.

[0012] In network-controlled D2D communication, a network control function performs at least
one of: a) provisioning of a discovery signal to be used between two devices to determine their
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proximity and/or D2D link estimation, b) resource assignment for the D2D discovery signal
and/or a D2D data channel and/or a D2D control channel, c) relaying of information between
the at least two devices, and d) configuration of connection parameters for the at least two
devices of the D2D link, such as power setting, e.g., actual, min, max, coding and modulation
schemes, segmentation configuration, e.g., transport block sizes, parameters and/or security
keys for encryption/integrity protection and protocol parameters.

[0013] A transmission in an LTE or Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) is based on Orthogonal Frequency Division Multiplexing (OFDM), whose format may
be modeled as an OFDM time-frequency grid. The OFDM time-frequency grid is comprised in
one axis of frequency values and in the other axis of time. The frequency axis is subdivided in
a number of frequency sub-carriers, with a spacing that may typically correspond to 15 kHz,
while the time axis is subdivided in OF DM symbol intervals.

[0014] Within the grid, a Physical Resource Block (PRB or RB) is a unit of transmission
resource consisting of twelve consecutive sub-carriers in the frequency domain and one time
slot, 0.5 ms, in the time domain.

[0015] The direct communication mode, or D2D communication, enables a number of potential
gains over the traditional cellular technique, because D2D devices are much closer to one
another than cellular devices that have to communicate via a cellular access point, e.g., a base
station:

« Capacity gain: First, radio resources, e.g., OFDM RB, between the D2D and cellular
layers may be reused, i.e., reuse gain. Second, a D2D link uses a single hop between
the transmitter and receiver points as opposed to the 2-hop link via a cellular access
point, i.e., hop gain.

» Peak rate gain: due to the proximity and potentially favorable propagation conditions,
modulation and coding scheme (MCS) of higher order may be applied, so that, the
maximum achievable data rate may be further improved, i.e., proximity gain;

« Latency gain: When the devices communicate over a direct link, the base station
forwarding is short cut and the end-to-end latency may decrease.

[0016] US 2012/0224546 A1 discloses a first terminal for performing direct communication
between terminals, the first terminal including a RF unit and a processor, the processor being
adapted to perform direct communication with at least one second terminal using resources
allocated for direct communication between terminals. The resources are divided into a first
slot region and a second slot region: the first slot region including a synchronisation channel
containing synchronisation information for direct communication between terminals, a
dedicated channel for transmitting direct communication data between terminals, and a
supplementary channel one-to-one mapped with the dedicated channel; the second slot region
including the dedicated channel and the supplementary channel.
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[0017] Documents US2009/005057, EP1343340 and US2010/061334 disclose methods in a
network node for multiplexing a physical channel according to the existing art.

[0018] In a mixed cellular and D2D network resulting from the coexistence of these two
systems, the Physical layer (PHY) channel design has to take into account the inter-system
interference, i.e., interference between cellular sub-system and D2D sub-system. The
coexistence of the systems may result in two types of interference: 1) co-channel or co-RB
interference, i.e., interference on the same RB; and 2) inter-channel or inter-RB interference
due to in-band emission, i.e., the interference from allocated RB to unallocated RBs within the
band. Here a band may be defined as a continuous frequency range (3GPP defined multiple
bands in 3GPP TS 36.101, EUTRA User Equipment (UE) radio transmission and reception,
2012.03), and a corresponding carrier frequency is a specific frequency that is used to carry
the radio signal which spans the whole frequency band.

[0019] As shown by the following table defined by 3GPP (3GPP TS 36.101, EUTRA User
Equipment (UE) radio transmission and reception, 2012.03), the in-band emission, i.e., the
interference from allocated RBs to un-allocated RBs within the band, is restricted to different
levels for different cases, depending on the specific value of the system bandwidth, allocated
RB size, Error Vector Magnitude (EVM), transmission power, etc... First, for a general case,
i.e., when the measurement bandwidth is 1 RB and the limit is expressed as a ratio of
measured power in one non-allocated RB to the measured average power per allocated RB,
where the averaging is done across all allocated RBs. Second, for an image frequencies case,
i.e., when the applicable frequencies for this limit are those that are enclosed in the reflection
of the allocated bandwidth, based on symmetry with respect to the center carrier frequency,
but excluding any allocated RBs. And third, for a carrier frequency leakage case, i.e., when the
applicable frequencies for this limit are those that are enclosed in the RBs containing or
adjacent to the DC frequency, but excluding any allocated RB.

Table 1 In-band Emission formula

Parameter 1, Limit (Note 1) Applicable
description Frequencies
max {-25-10-log1o (Nrg/ Lcras): 20 - {Any non-
General dB | log1g EVM-3-5-(|A pg|- 1)/ Lcras: - jallocated (Note
57 dBm /180 kHz - Prg} 2)
Image
IQ Image dB -25 frequencies
(Notes 2, 3)
Output power > 0
29 dBm
. Carrier
- (Notes 4, 5)
10 -40 dBm < Output
power < -30 dBm
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[0020] Where Ngrg is defined as the transmission bandwidth configuration, expressed in units
of resource blocks, Lcrps is defined as the length of a contiguous resource block allocation, |
Arg| is defined as the starting frequency offset between the allocated RB and the measured
non-allocated RB, Prg is defined as the transmitted power per 180 kHz in allocated RBs,

measured in dBm. A simple calculation may be as follows: For a general item, given a 5MHz
bandwidth, 5 RBs allocated to a cellular device, whose transmission signalling EVM =0.175, Tx
power = 23dBm, then the in-band emission would be | = max[-32, -18-x, -57], where x is the
starting frequency offset between the allocated RB and the measured non-allocated RB, e.g.,
x=0 for the first adjacent RB outside of the allocated bandwidth, x= 1 for the second, i.e., an
emission from -18--32dB would be caused. This emission would be more serious for more
allocated RB size, RBs most next to the allocated RB, larger EVM. As shown in Figure 1, even
if a -30dB emission is assumed, a nearby cellular device, e.g., 10m, would cause failure of D2D
communication on neighboring band. According to International Mobile Telecommunications-
Advanced (IMT-A) Indoor Non-Line of Sight (NLOS), path loss model: 43.3*log10(10m) + 11.5
+ 20*log10(2GHz) = 60.82dB.

[0021] Thus, co-channel and/or inter-channel interference is a problem in a mixed wireless
network.

SUMMARY

[0022] A method in a network node for multiplexing a physical channel is provided in claim 1.
[0023] A network node for multiplexing a physical channel is provided in claim 16.

[0024] Further aspects of the invention are disclosed in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Examples of embodiments herein are described in more detail with reference to
attached drawings in which:

Figure 1
is a schematic depiction of an effect of in-band emission.
Figure 2
is a schematic block diagram illustrating embodiments in a wireless communications
system.
Figure 3
is a flowchart depicting embodiments of a method in a network node.
Figure 4
is a schematic depiction of embodiments of frame structure of cellular-only and D2D
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compatible UL subframes.

Figure 5

is a graph the 3GPP requirement of in-band emission.
Figure 6

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 7

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 8

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 9

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 10

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 11

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 12

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 13

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 14

is a schematic diagram illustrating embodiments of a PHY channel design.
Figure 15

is a schematic diagram illustrating embodiments of a D2D HARQ timing.
Figure 16

is a schematic block diagram illustrating embodiments of a network node.

DETAILED DESCRIPTION

[0026] Figure 2 depicts a mixed wireless network 100 in which embodiments herein may be
implemented. The mixed wireless network 100 is a wireless communication network such as
an LTE, Wideband Code Division Multiple Access (WCDMA) Global System for Mobile
Communications (GSM) network, any 3GPP cellular network, any 3GPP2 cellular network, a
Worldwide Interoperability for Microwave Access (WIMAX) network, a WiFi network, or any
wireless network or system.

[0027] Mixed wireless network 100 comprises a cellular network and a D2D network.

[0028] The mixed wireless network 100 comprises a network node 110. The network node
110 may be a base station such as e.g. an eNB, eNodeB, or a Home Node B, a Home eNode
B, femto Base Station, BS, pico BS or any other network unit capable to serve a device or a
machine type communication device in a mixed wireless network 100. In some particular
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embodiments, network node 110 may be a stationary relay node, a mobile relay node, or a
device, such as a user equipment. The mixed wireless network 100 covers a geographical
area which is divided into cell areas, wherein each cell area is served by a network node,
although, one network node may serve one or several cells. In the example depicted in Figure
2, wherein the network node 110 is a base station, the network node 110 serves a cell 115.
The network node 110 may be of different classes such as e.g. macro eNodeB, home eNodeB
or pico base station, based on transmission power and thereby also cell size. Typically, mixed
wireless network 100 may comprise more cells similar to 115, served by their respective
network nodes. This is not depicted in Figure 2 for the sake of simplicity. The network node 110
may support one or several communication technologies, and its name will depend on the
technology and terminology used. In 3GPP LTE network nodes, which may be referred to as
eNodeBs or even eNBs, may be directly connected to one or more core networks.

[0029] Mixed wireless network 100 also comprises at least a first device 121, a second
device 122, and a third device 123, which are located within the cell 115. Any of the first
device 121, the second device 122, or the third device 123 are wireless communication
devices such as UE which are also known as e.g. mobile terminals, wireless terminals and/or
mobile stations. Devices are wireless, i.e., they are enabled to communicate wirelessly in a
wireless network, sometimes also referred to as a cellular radio system or cellular network. The
communication may be performed e.g., between two devices, between a device and a regular
telephone and/or between a device and a server. The communication may be performed e.g.,
via a RAN and possibly one or more core networks, comprised within the wireless network.

[0030] The devices 121, 122 and 123 may further be referred to as mobile telephones, cellular
telephones, or laptops with wireless capability, just to mention some further examples. The
devices 121, 122 and 123 in the present context may be, for example, portable, pocket-
storable, hand-held, computer-comprised, or vehicle-mounted mobile devices, enabled to
communicate voice and/or data, via the RAN, with another entity, such as a server, a laptop, a
Personal Digital Assistant (PDA), or a tablet computer, sometimes referred to as a surf plate
with wireless capability, Machine-to-Machine (M2M) devices, devices equipped with a wireless
interface, such as a printer or a file storage device or any other radio network unit capable of
communicating over a D2D link and over a radio link in a cellular communications system. In
some embodiments, the devices 121, 122 and 123 may further be referred to as network
nodes.

[0031] The first device 121 is comprised in the cellular network and in some embodiments
wherein the first device 121 is not the network node 110, it is configured to communicate within
the mixed wireless network 100 via the network node 110 over a radio link 131, when the first
device 121 is present in the cell 115 served by the network node 110.

[0032] In this example, the second device 122 and third device 123 are also located within the
cell 115. However, in other embodiments, either the second device 122 and/or the third device
123 may be located in another cell which is in the neighbourhood of the cell 115, but within
radio range of each other. The second device 122 and third device 123 are configured to



DK/EP 3478014 T3

communicate within the mixed wireless network 100 via the network node 110 or another
network node serving the neighbouring cell, over radio links such as, e.g., a radio link 132, in
some embodiments wherein the second device 122 is not the network node 110, and a radio
link 133, in some embodiments wherein the third device 123 is not the network node 110,
respectively, when the second device 122 and the third device 123 are present in the cell 115
served by the network node 110 or in the adjacent cell served by the other network node. The
second device 122 and the third device 123 are also capable of communicating with each
other, or other devices using wireless D2D communication over, for example, a D2D link 140,
and are comprised in the D2D network.

[0033] Each of the devices 121, 122 and 123 may be configured to communicate using one of
the cellular or D2D communication, or with both. However for the purposes of explanation, in
the following discussion, the first wireless device 121 is understood to be using cellular
communication and the second wireless device 122 and the third wireless device 123 are
understood to be using D2D communication.

[0034] As mentioned earlier, in the mixed cellular and D2D wireless network 100, an inter-
system interference problem arises from the co-existence of the cellular and D2D systems in
the same network. The D2D communications may be located on cellular UL resources, which
are typically characterized with lighter traffic.

[0035] In some embodiments, the D2D feature may be considered to be implemented based
on a 3GPP Frequency-Division Duplexing (FDD) and a Time-Division Duplexing (TDD) LTE
framework. As explained earlier, given the PHY channel structure in the LTE system described
in the background section, the co-existence of the cellular and D2D systems in the same mixed
wireless network 100 may result in two types of interference: 1) co-RB interference, i.e.,
interference on the same RB; and 2) inter-RB interference due to in-band emission, i.e., the
interference from allocated RBs to unallocated RBs, within the band in the time dimension.

[0036] Thus, a way to overcome the interference problem existing in a mixed wireless network
100 is needed, so that cellular and D2D communications may take place without too much
interference. Embodiments herein aim to overcome this interference problem by designing the
PHY channel for the mixed network so that co- and/or inter-channel interference are minimized
or avoided.

[0037] In principle, and in order to solve the co-RB interference, i.e., interference on the same
RB, problem, the network node 110 may pre-configure the devices to measure the interference
and based on the measurement report from the devices, and schedule the devices
accordingly, to avoid collision of cellular transmission and D2D reception. However, users may
want to establish D2D communications at any time, while some of the cellular channels, such
as the cellular Channel Quality Indicator (CQl), and Dedicated-Scheduling Request (D-SR)
Physical Uplink Control Channel (PUCCH) channels, are prescheduled with a fixed timing and
resource allocation, i.e., statically preconfigured. If the D2D communications are allowed to
take place at any time, i.e. on any radio resources, they may collide with the transmissions that
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are statically preconfigured by the network, and the cellular transmissions, which are typically
transmitted at higher power, may interfere with the D2D communications, which are typically
transmitted with lower power. Therefore, the network node 110 may need to take this into
account in order to avoid interference. The same scheduling may not be applied to all the
channels. The scheduling may be tailored to the transmission characteristics of every channel,
such as resource allocation and transmission power adjustment. For example, devices which
are located in the center of cell 115, may be transmitting with lower power, and therefore
causing less interference, than devices that are located in the off-center portions of the cell
115, which may cause higher interference. Transmission from devices that are located far-
away from other devices, may also be received by a device with lower power than transmission
from devices that are nearby, which may also cause higher interference. The network node
110 may then take these different transmission/reception characteristics into account when
scheduling the different devices in the cell 115, as will be described later.

[0038] Embodiments of a method in the network node 110 for multiplexing a physical channel
between the network node 110 and the devices 121, 122, 123 will now be described with
reference to the flowchart depicted in Figure 3. As mentioned above, the network node 110
and the devices 121, 122, 123 are comprised in the mixed wireless network 100. The mixed
wireless network 100 comprises the cellular network comprising one or more cellular channels
and the D2D network comprises one or more D2D channels. The network node 110 may be
one of: a base station, a stationary relay node, a mobile relay node, the first device 121, the
second device 122, the third device 123 and a wireless device other than the first device 121,
the second device 122 and the third device 123.

[0039] The method comprises the following actions, which actions may as well be carried out
in another suitable order than that described below. In some embodiments, all the actions may
be carried out, whereas in other embodiments only some action/s may be carried out.

Action 301

[0040] To handle the interference problem of the mixed wireless network 100, in this action,
the network node 110 addresses the issue of the statically preconfigured channels. Due to fact
that the interference caused by these channels varies over time, in accordance with their
scheduling, interference management of these channels may require repeated reconfiguration
and therefore high signaling overhead. In order to avoid this repeated reconfiguration, and
therefore in order to save reconfiguration signaling overhead, the network node 110 schedules
some of the cellular channels and some of the D2D channels at different times, so that they do
not transmit at the same time and interfere with each other. Thus, in this action, the network
node 110 performs time division multiplexing in the physical channel between a first group of
cellular channels and a first group of D2D channels to avoid uncontrollable inter-channel
interference. This is implemented jointly by downlink control signalling from the network node
110, e.g., by DCI (Downlink Control Indicator), MAC CE (Medium Access Control layer Control
Element) and RRC (Radio Resource Control) signalling. In some embodiments, the first group
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of cellular channels may comprise one or more cellular channels that are prescheduled with a
fixed timing and resource location. In some particular embodiments, the first group of cellular
channels may comprise the PUCCH D-SR/CQI, channel, and the first group of D2D channels
may comprise a D2D Control Channel (DCCH) and a D2D Shared Channel (DSCH). In some
particular embodiments, the first group of cellular channels 411, 412 may further comprise a
PUCCH Acknowledgement/Negative Acknowledgement (A/N) channel.

[0041] The DCCH, may be used by the D2D pair in a similar way as the cellular PUCCH, which
may be used to carry Hybrid Automatic Retransmission Request (HARQ)
Acknowledgement/Negative Acknowledgement (A/N) feedback, and the existing format of
PUCCH design may be reused by the DCCH. The DSCH, is used by D2D in a similar way like
cellular Physical Uplink Shared Channel (PUSCH) which may be used to carry D2D data
transmission, in-band control signaling of HARQ A/N, CQl, Buffer Status Report (BSR) Power
Head Room (PHR) and etc...

[0042] The time division multiplexing between the first group of cellular channels and the first
group of D2D channels to avoid inter-channel interference, may result in two types of UL
subframe, i.e., a cellular-only subframe and a D2D and cellular-compatible subframe. This is
depicted in a particular embodiment in Figure 4, which shows a physical channel 400, a
cellular-only subframe 401 and a D2D and cellular-compatible subframe 402, the first
group of cellular channels 411, 412, a second group of cellular channels 421 and the
first group of D2D channels 431, 432. The physical channel 400 is time division multiplexed
between the first group of cellular channels 411, 412, which are associated with the cellular-
only subframe 401, and the first group of D2D channels 431, 432, which are associated with
the D2D and cellular-compatible subframe 402. As depicted, in the embodiment of Figure 4,
the first group of cellular channels 411, 412 comprises a cellular PUCCH D-SR/CQl, PUCCH
A/N and a PUSCH, the second group of cellular channels 421 comprises a PUCCH A/N, and
the first group of D2D channels 431, 432 comprises a DCCH and a DSCH. Figure 4 will be
described further down below.

[0043] The time division multiplexing between the first group of cellular channels and the first
group of D2D channels provides a method to overcome the problem of in-band emission from
statically preconfigured cellular transmission to D2D communications.

Action 302

[0044] For other channels that are not statically preconfigured, such as for example the
cellular PUCCH A/N, the network node 110 may rely on the dynamic scheduling of channels in
the mixed wireless network 100, such as the DL Physical Downlink Shared Channel (PDSCH)
to coordinate the interference. This is because there is a fixed timing and resource location
mapping relationship between PDSCH and uplink transmission of PUCCH for ACK/NACK
feedback, i.e., 4 ms after the PDSCH on a specific resource location calculated based on the
scheduling of PDSCH. Therefore, a way to avoid the interference from PUCCH, i.e., the
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ACK/NACK feedback, may be to restrict the downlink data transmission on PDSCH. Compared
with CQIl D-SR, it is actually not possible to achieve time division multiplexing with PUCCH A/N,
since a HARQ A/N is triggered by the PDSCH in every DL subframe. For these channels, the
network node 110 schedules some of the cellular channels and some of the D2D channels in
different ranges of frequencies, so that they do not interfere by transmitting in each other's
frequencies.

[0045] Thus, in this action, the network node 110 also performs frequency division multiplexing
in the physical channel 400 between a second group of cellular channels 421 and the first
group of D2D channels 431, 432, by controlling the resource allocation of both cellular uplink
and D2D data transmission. In some embodiments, the second group of cellular channels 421
may comprise one or more cellular channels, such as a PUCCH A/N, channel, that are
dependent on the signalling of another cellular channel. The first group of D2D channels 431,
432 is the same as that described above.

[0046] A mentioned earlier, in some embodiments, the time division multiplexing and frequency
division multiplexing actions discussed above may result in a physical channel which may
comprise two types of subframes: a cellular-only subframe 401 and a D2D and cellular-
compatible subframe 402. The cellular-only subframe 401 is associated with the first group of
cellular channels 411, 412, and the D2D and cellular-compatible subframe 402 is associated
with the second group of cellular channels 421 and the first group of D2D channels 431, 432.
In some embodiments, such as that depicted in Figure 4, the cellular-only subframe 401 is the
traditional cellular UL subframe, which may comprise cellular PUCCH and PUSCH, which are
frequency division multiplexed, and the D2D and cellular-compatible subframe 402 may
comprise cellular PUCCH A/N, and D2D DCCH and DSCH.

[0047] By allocating cellular devices, such as the first device 121, in the D2D and cellular-
compatible subframes 402, the aim is to achieve high spectrum efficiency from reuse. This
scheme may provide the possibility of resource reusing on D2D and cellular-compatible
subframes 402. If this is not performed, D2D communications may use the resources in a
dedicated way to avoid inter-system interference. However, in these embodiments, the reuse
gain will be lower. In some particular embodiments, at least one of the first group of cellular
channels 411, 412 and the second group of cellular channels 421 may further comprise a
cellular PUSCH. However, in other embodiments, there may not be a cellular PUSCH in the
D2D and cellular-compatible subframe 402. In these later embodiments, there may not be
cellular devices reusing the resources with D2D communications.

Action 303

[0048] In some embodiments, for each cellular device 121 to be allocated or already allocated
into the D2D and cellular-compatible subframe 402, the network node 110 may obtain
information about interference of one or more active D2D devices 122, 123 in the D2D and
cellular-compatible subframe 402 into which each cellular device 121 is to be allocated or is
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already allocated. This may be done, for example, by pre-configuring the D2D devices
measurement on a set of cellular reference signals (RS). When any cellular RS may be
identified as a high interference source, it may be reported to the network.

[0049] As mentioned earlier, the interference provoked by a channel may depend on the
channel's transmission power. The transmission power varies from device to device,
depending on their location within the cell 115. For example, devices which are located in the
cell-center of cell 115, may be transmitting with lower power, and therefore, causing less
interference, than devices that are located in the off-center portions of the cell 115, which may
cause higher interference. Devices that are located far-away from other devices, may also be
received with lower power, and therefore cause less interference, than devices that are nearby,
which may cause higher interference. The network node 110 may then take these different
transmission/reception characteristics into account when scheduling the different devices of the
cell 115 in the D2D and cellular-compatible subframe 402. Therefore, to solve the in-band
emission problem, the network node 110 may need to avoid scheduling D2D and nearby
cellular devices in the neighboring RB in the same slot, not only the same RB. That is, the
network node 110 may schedule only cell-center, i.e., low transmission power, cellular devices,
in the same slot. For higher cellular transmission power, maximum 23dBm for cellular devices,
the interference level may be higher even for far-away neighboring RBs, e.g., around -80dBm
as shown in Figure 5. Therefore, in other embodiments, the network node 110 may rely on the
dynamic DL scheduling, in order to avoid a high-power channel in the D2D and cellular-
compatible subframe. For example, it may not desirable that a device sends an A/N feedback
in the 5-th UL subframe. The network node 110 has no UL scheduling control, since the A/N
timing and location is one-to-one mapped to the DL data. However, the network node 110 may
control the DL scheduling, and force the DL scheduling so that the device is not scheduled in
the 1st DL subframe, so that no device is scheduled in 5th UL subframe. The network node
110 may determine which interference level is acceptable for D2D communications. This level
will set the threshold above which interference may be too high for D2D communication and
therefore, the network node 110 may need to schedule the devices accordingly in the D2D and
cellular-compatible subframe. This threshold may be determined, for example, by A, the target
SINR, signal to interference and noise ratio, of D2D communication, and B, the achieved D2D
signal power, also taking into account of C, the inter-frequency loss ratio of interference jointly,
as B*C/A.

[0050] In some embodiments, for each cellular device, such as the first cellular device 121, to
be allocated into the D2D and cellular-compatible subframe 402, all active D2D devices 122,
123 may have to detect the interference in advance to avoid co- or inter-channel interference,
and then send this information to the network node 110. In other embodiments, it may be the
network node 110 itself that measures the inter-channel interference from D2D devices 122,
123. This may be done by interference measurement by all active D2D devices 122, 123 in the
D2D and cellular-compatible subframe 402, then the D2D device who detects unacceptable co-
or inter-channel interference, i.e., interference above the interference threshold, may report to
the network node 110. This interference safety level or threshold may be different for co- and
inter-channel interference, considering the in-band emission, so that the interference report
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may indicate that the co-channel interference is harmful, but the inter-channel interference is
acceptable.

[0051] Thus, in some embodiments, obtaining information about interference comprises one
of: measuring the interference, and receiving the information about interference from at least
one of the D2D devices 122, 123. This may be implemented by pre-configuring a Radio
Resource Management (RRM) measurement and report mechanism of the devices 122, 123
via RRC signalling, then as long as the trigger condition may be satisfied, i.e., some threshold
value may be achieved, a large path-loss between a network node and the device, when the
signal of the neighboring cell is above a specific level, etc., the device 122, 123 may send a
measurement report to the network node 110.

[0052] In some embodiments, the cellular and D2D devices causing interference due to
location or power of transmission, may be known by the network by analyzing when a PHR
report from one of the cellular devices indicates that a room for device power boosting is above
a certain threshold. The PHR is an index reported by a device to indicate an estimated power
headroom, i.e., a difference between a nominal device maximum transmit power and the
estimated power for PUSCH transmission in the current subframe, expressed in dB.

[0053] In other embodiments, the potential interference of the devices may be determined by
location or positioning methods. Thus, in some embodiments, the devices transmitting below a
first power threshold, such as cell-center devices and devices far-away from D2D devices 122,
123, may be detected by reporting their locations to the network node 110 by a positioning
sensor such as a Global Positioning System (GPS).

[0054] In some embodiments, this/these measurement/s may be carried out by D2D devices,
such as 122 and 123. Relying on GPS and the PHR involves lower signalling overhead in
comparison with measurement reports. Therefore, in some embodiments where the network
node 110 may just want to identify the cell-center devices, i.e., a subset of the low-interference
devices, it may just rely on GPS and/or PHR.

Action 304

[0055] The scheduling of cellular and D2D channels in the D2D and cellular-compatible
subframe 402 may result in an inter-RB, i.e., in-band, interference problem, as explained
above in the background section, due to the high-power of transmission of the cellular
channels allocated near the frequency of transmission of the low-power of transmission D2D
channels. Some frequency separation, i.e., margin, may be allowed to overcome this problem
between the allocation of the high-power of transmission cellular channels and the low-power
of transmission D2D channels in the D2D and cellular-compatible subframe 402. That is, to not
allocate a certain frequency range to any channels.

[0056] Therefore, in some embodiments, the network node 110 may set a frequency margin
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440, such as an RB margin, between the second group of cellular channels 421 and the first
group of D2D channels 431, 432 to avoid in-band interference. This may be achieved by
controlling the resource allocation of both cellular uplink and D2D data transmission. So the
network node 110 may schedule the second group of cellular channels 421 and the first group
of D2D channels 431, 432 in two allocations, with a sufficiently large margin in-between the two
to avoid, or reduce, inter-frequency interference. The larger the margin in-between is, the less
inter-frequency interference the second group of cellular channels 421 and the first group of
D2D channels 431, 432 may cause to each other.

[0057] In some embodiments, an RB margin may be used to avoid the interference from
channels in the second group of cellular channels 421, such as the PUCCH A/N.

[0058] In some embodiments, for the example as that shown in Figure 4, the D2D DCCH may
be allocated in the band center, to provide the largest RB margin 440 from the cellular PUCCH,
which is located on the outer segments of the subframe.

[0059] The question then arises as to how large may the RB margin 440 be in order to avoid
interference between the channels allocated in the D2D and cellular-compatible subframe 402.
As shown in Figure 5, according to the 3GPP requirement, for a 20MHz LTE system, a 0dBm
cellular UL Binary Phase-Shift Keying/Quadrature Phase-Shift Keying, BPSK/QPSK,
transmission may restrict the in-band interference to different levels to neighboring RBs, but
maintain a stable level from the 7-th RB. Thus, an RB margin of 7 RBs may ensure that the in-
band emission stays at -105 dBm, which is acceptable for D2D communication.

[0060] Thus, in some embodiments, the RB margin 440 set between the channels of the D2D
and cellular-compatible subframe 402 may comprise 7 or more RBs. In some particular
embodiments, the RB margin 440 may be 7 RBs.

[0061] In some embodiments, the setting of the RB margin 440 may be dynamic, based on
interference avoidance. That is, it may or it may not be used, based on whether the obtained
interference is above or below the interference threshold described earlier. In other words, if
the inter-RB interference is measured as acceptable even for the nearest RB, e.g., -105dBm,
then there may be no need for such RB margin 440. For example, in some embodiments, the
location of the cellular PUSCH and the D2D DSCH may be decided dynamically by the network
node 110 considering interference avoidance, i.e., they may not be necessarily separated by
the RB margin 440. Thus, in some embodiments, the setting of the frequency margin 440 may
be performed when the obtained information about interference is above the interference
threshold.

Action 305

[0062] As explained earlier, in some embodiments, co-channel and inter-channel interference
measurement may be required in order to carry out scheduling and resource reuse in the D2D
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and cellular-compatible subframe 402.

[0063] In the embodiments where interference information is obtained by the network node
110, co-scheduling, namely, pairing of safe cellular devices such as the first device 121 and the
D2D devices 122, 123 may continue until an interference report from either D2D devices 122,
123 or the network node 110 itself points out that the interference becomes unacceptable, i.e.,
above the interference threshold, for example, due to device mobility. Then, the interfering
cellular device or the interfered D2D device may be dropped out of the co-scheduling group,
and be scheduled in the cellular-only subframe 401 or the D2D and cellular-compatible
subframe 402.

[0064] Thus, one way of overcoming the in-band interference problem is to restrict the
allocation of cellular devices, such as the first device 121, in the D2D and cellular-compatible
subframe 402 based on transmission power. For example, only cell-center devices, i.e., low
transmitting power devices, may be allowed in their respective position in the D2D and cellular-
compatible subframe 402. In these embodiments, there may be a RB margin 440, such as that
described earlier, between, for example, the cellular PUCCH and the D2D DSCH and/or DCCH.
Another option is that the cellular devices which are far from the D2D devices, i.e., may be also
cell-edge, and may be implemented by GPS assistance, or pathloss/interference measurement
by, for example, D2D devices, may be scheduled in the corresponding DL subframe. In these
embodiments, there may be a smaller or no RB margin 440.

[0065] The first option may be easier to implement than the second, since the latter relies on
D2D devices measurement which may cause more signalling overhead, but it may result in a
restriction of the D2D RB usage to some extent, due to the usage of the RB margin 440, for the
purposes of transmission. Both options may depend on the scheduling implementation and
may be time-varying. In some embodiments in which the cellular PUSCH is detected as
causing acceptable interference by D2D measurement, it may be located at the RB margin 440
space, so that still all the RBs may be used.

[0066] In this action and in base of the foregoing, in some embodiments wherein the D2D and
cellular-compatible subframe 402 has a position for the second group of cellular channels 421,
the network node 110 may schedule only cellular devices 121 that are transmitting below a first
power threshold in the position for the second group of cellular channels 421. The first power
threshold is that, underneath which the interference caused is acceptable by D2D
measurement, i.e., below the interference threshold described above.

[0067] In other embodiments, the network node 110 may rely on dynamic DL scheduling to
avoid the corresponding high-power A/N in the D2D and cellular-compatible subframe, since
the timing relationship between DL PDSCH and UL HARQ A/N is fixed in the current 3GPP LTE
system, so the network node 110 may need to work around this fixed relationship and schedule
the remaining channels according to the potential interferences.

[0068] In some particular embodiments, in order to avoid harmful interference from PUCCH
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A/N to the frequency division multiplexed D2D DCCH/DSCH in the D2D and cellular-compatible
subframe 402, only cell-center cellular devices, i.e., low transmission power cellular devices,
may be scheduled in the corresponding DL PDSCH position.

[0069] Thus, in some embodiments, the network node 110 may decide a location in the
physical channel of the cellular and the D2D channels dynamically, based on interference
avoidance. That is, the network node 110 may decide a frequency and/or time interval, i.e., a
position, in the D2D and cellular-compatible subframe 402 of the cellular and the D2D channels
dynamically, based on the obtained information about interference, so that the obtained
information about interference is within a determined interference threshold, such as the
interference threshold described earlier. For example, if the interference from PUCCH at band-
edge is high, then the network node 110 may need to allocate D2D channels at band-center
with some frequency margin in-between to alleviate the interference. Otherwise no resource
margin may be need. Another example may be, for cellular data transmission of PUSCH, if
there are already multiple D2D devices using different resources, the network node 110 may
let the cellular PUSCH reuse the resources with D2D devices, but it should select the D2D
device for which no harmful interference would be caused by this cellular device. In some
particular embodiments, the cellular channel whose frequency and/or time interval in the D2D
and cellular-compatible subframe 402 may be decided dynamically may be the PUSCH
channel and the D2D channel may be the DSCH channel. The dynamic decision is carried out
to avoid interference, and the trigger is the interference relationship, which information is
obtained by the network, relying, in some embodiments, on a measurement report from D2D
devices 122, 123.

[0070] In the embodiments in which the DCCH is located at band-center, it may cause the
problem to the localized scheduling of cellular UL transmission, which originally may be
designed for continuous RB allocation. However, considering embodiments using the release-
10 LTE, where multi-cluster PUSCH transmission for cellular devices 121 is allowed, i.e., the
cellular UL transmission does not need to be on continuous RBs, the D2D DCCH in the band
center may cause little problem for the scheduling.

[0071] Without inter-system interference information, the most robust way to overcome the
interference problem may be to locate cellular transmission in the cellular-only subframe 401,
and locate D2D transmission in the D2D and cellular-compatible subframe 402 without cellular
PUSCH, but with RB margin 440 from PUCCH.

[0072] As explained in the preceding action, in some embodiments, in order to avoid harmful
interference from some high power of transmission channels, such as the PUCCH A/N, to
lower power of transmission channels such as the frequency division multiplexed D2D
DCCH/DSCH in the D2D and cellular-compatible subframe, only cell-center cellular devices
may be scheduled in the corresponding DL PDSCH position. In some embodiments, no
scheduling restriction may be needed in the corresponding DL PDSCH position in the cellular-
only UL subframe, since no D2D channels may be allocated there and there may be no need
to consider the inter-system interference to avoid.
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[0073] Therefore, in some embodiments, scheduling by the network node 110 for cellular
devices 121 in the cellular-only subframe 401 may be unrestricted.

[0074] The foregoing discussion has focused on the description of the UL subframes, where
the D2D channels may typically be allocated. Similar scheduling actions may be taken by the
network node 110 on DL subframes, which will not be repeated here for the sake of simplicity.

[0075] As a result of actions 301-305 just described, and in order to avoid interference from
high power transmissions, such as from the PUCCH A/N cellular channel to the lower power of
transmission D2D communications, in mixed wireless network 100, a subframe mapping
relationship of DL and UL subframe types, such as that depicted in the embodiment of Figure
6, may take place. This mapping may be between the data transmission on PDSCH and the
ACK/NACK feedback on PUCCH, which is a fixed timing / location mapping by the 3GPP
specifications. In Figure 6, cellular-only DL/UL subframes 401 are depicted in black, where no
cellular device restriction is required. D2D and cellular-compatible DL/UL subframes 402 are
depicted in white, where only cell-center/far-away cellular devices may be scheduled in DL
subframe. Cellular devices causing no/acceptable co-/inter-channel interference may be
scheduled in UL subframe in a FDD LTE system. In an FDD system, the transmitter and
receiver operate at different carrier frequencies. Patterned subframes may be cellular-only 401
or D2D and cellular-compatible subframes 402, depending on traffic, as explained later, in
actions 306 and 307. For the TDD system, since the DL and UL resources are on the same
carrier frequency, the subframe pattern design has to take into account the TDD configuration
of the system as well.

[0076] In some embodiments, the co-/inter- RB interference measurement described in Action
303 may continue during the data transmission procedure, where the information of cellular
device reference signal (RS) configuration may be necessary. This information may be sent by
the network node 110 to the D2D devices 122,123, in order to measure the specific RSs, so
that the harmful interfering cellular devices may be identified, which may be later reported by
the D2D devices to the network node 110. In some embodiments, this interference
measurement/report may not be at the co-RB cellular device, but at inter-RB cellular device, so
this may cause a signaling overhead considering the full dynamic scheduling of cellular
devices. While co-RB interference concerns the cellular devices 121 reusing the same
resources, for inter-RB interference, all the cellular devices 121 on the same time slot may
have to be monitored, which represents an increment in signaling overhead. Therefore, in
some embodiments, in order to reduce signaling overhead, a semi-persistent scheduling of
cellular devices 121 on the D2D and cellular-compatible subframes 402 may be employed, i.e.,
the cellular RS information may not change a lot during the data transmission procedure. The
semi-persistent scheduling may be defined as a semi-static scheduling scheme, i.e., the
resource scheduling may repeat periodically on the same resource set.

Action 306
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[0077] In this action, the network node 110 may position repetitively cellular-only 401 and D2D
and cellular-compatible subframes 402 within the physical channel 400, with specific resource
periodicity. For example, it could repeat every 8ms, in order to co-exist with the traditional FDD
cellular HARQ process. All of these depend on the corresponding scheduler implementation,
i.e., on the time when a device 121, 122, 123 may receive a resource grant.

[0078] In some embodiments, the network node 110 may position repetitively the cellular-only
401 and D2D and cellular-compatible subframes 402 within the physical channel 400 with a
timing pattern, which is based on a HARQ timing of the cellular network.

[0079] One factor to take into account when designing a PHY channel 400 in a mixed wireless
network 100 is the timing of the cellular system HARQ for both FDD and Time-division
duplexing (TDD) systems. HARQ is the simultaneous combination of Automatic Retransmission
request (ARQ), and Forward Error Correction (FEC). It enables the overhead of error
correction to be adapted dynamically depending on the channel quality. WWhen HARQ is used, if
the errors may be corrected by FEC, then no retransmission is requested; if the errors may be
detected but not corrected, a retransmission is requested. TDD is the application of time-
division multiplexing to separate outward and return signals. Compared with the FDD system,
where the HARQ timing is more simplified, the HARQ timing for the TDD system is TDD
configuration specific and thus more complicated.

[0080] According to the current 3GPP FDD LTE specification, the UL HARQ is implemented in
a synchronous way, i.e., a new UL transmission in the n-th Transmission Time Interval (TTI)
may be ACK/NACKed by the DL in the n+4 subframe, and it may cause a re-transmission in
the n+8 subframe, in the FDD system. Thus, if the allocation of cellular-only and D2D and
cellular-compatible subframes 401, 402 may be designed for backwards compatibility with the
timing of the cellular system HARQ for both FDD and the TDD systems, the cellular-only
subframe may be repeated at least every 8 subframes. Given this pattern of repetition of every
n+8 subframe dictated by the current 3GPP FDD LTE specification, the network node 110 may
dynamically schedule the remaining 7 subframes in-between the first and n+8 subframes.
Thus, a repeating pattern for cellular-only subframes of every 8, 4, or 2 subframes may be
appropriate, as illustrated in Figures 6-8, where the arrows denote the relationship between
the Physical HARQ Indicator channel (PHICH) - PUSCH and PUSCH - PHICH timing
relationship, and it is similar for Figures 6-14. The D2D system HARQ timing may then adapt
to the different repetition factor.

[0081] The repetition factor of every 4 subframes, as shown in the embodiment of Figure 6,
may be associated with a number of advantages and a number of disadvantages.

[0082] Among the advantages of a repetition factor of 4 are that the D2D may implement a
similar HARQ timing as shown in Figure 15, i.e., the new transmission in the n-th TTI is
feedback by A/N in the n+4 subframe on DCCH, following by a possible re-transmission in the
n+8 subframe. In other words, each n-th D2D and cellular-compatible subframe includes A/N
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for the n+4 subframe, new transmission in the n-th subframe and re-transmission for the n+8
subframe.

[0083] Among the disadvantages of a repetition factor of 4 are that for the cellular system, the
PUCCH periodicity may be only configured as 4x subframes, e.g., 20ms, which may be
however acceptable for D-SR according to an on-going study of 3GPP Rel-11 eDDA WI.
Compared with the repetition factor of 8, where the D-SR periodicity may only be 40ms at
least, the periodicity of a smaller D-SR may be beneficial for the network to be kept updated on
the DL channel quality in a timely way.

[0084] In the embodiments in which the repetition factor may be every 8 subframes, as shown
in Figure 7, the D2D may have to implement an extended HARQ timing, i.e., the n-th subframe
may only be mapped to A/N in the n+8 subframe, and a re-transmission may be further
extended to the n+16 subframe. In other words, the number of HARQ processes may be
extended. These embodiments may be associated with a number of advantages and a number
of disadvantages.

[0085] Among the advantages of a repetition factor of 8 are that this option provides more
flexibility of cellular/D2D ratio control. That is, the network node 110 may have 7 frames to
dynamically allocate for cellular-only or D2D and cellular-compatible subframes, as opposed to
the 3 frames that may be available with a repetition factor of 4.

[0086] As stated above, among the disadvantages of a repetition factor of 8 are that a larger
PUCCH periodicity of 8x subframes may have to be used, e.g., 40ms, which may be however
acceptable for D-SR according to on-going study of 3GPP Rel-11 eDDA WI.

[0087] In the embodiments in which the repetition factor may be every 2 subframes, as shown
in Figure 8, the conventional HARQ timing may be implemented by D2D in a similar way.
These embodiments may be associated with a number of advantages and a number of
disadvantages.

[0088] Among the advantages of a repetition factor of 2 are that it may provide more options
when set PUCCH D-SR periodicity, i.e., in the number of 2n, n is an integer. Almost all existing
D-SR periodicity options in the existing LTE network may be applied here, compared with the
repetition factor of 4 or 8, where the periodicity may be restricted in some extent.

[0089] Among the disadvantages of a repetition factor of 2 are that the ratio of cellular-only
and D2D and cellular-compatible subframes 401, 402 may be fixed as 1:1. That is, the network
node 110 may not have any frames to dynamically allocate for cellular-only or D2D and
cellular-compatible subframes 401, 402, as opposed to the 3 frames that may be available with
a repetition factor of 4 and the 7 frames that may be available with a repetition factor of 8.

[0090] A similar design may be extended to TDD system, as is shown in Figure 9 for a TDD
configuration 0, in Figure 10 for a TDD configuration 1, in Figure 11 for a TDD configuration 2,
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in Figure 12 for a TDD configuration 3, in Figure 13 for a TDD configuration 4, in Figure 14
for a TDD configuration 6, respectively. The different configurations are for different forwarding
and reverse link resource ratio, considering the D2D communication may be a bi-directional
transmission, the resource ratio may be adjusted according to the traffic type and channel
quality jointly.

[0091] Similarly, for different TDD configurations, the resulting ratio control flexibility and HARQ
timing capability may be various. Please note that for subframe 3 and subframe 8 in TDD
configuration 0, since there may be no DL PDSCH associated with the PUCCH A/N field, mainly
due to less DL subframes in this configuration, it may be more beneficial to locate the D2D
DCCH at band-edge, without considering the interference from PUCCH. And for TDD
configuration 5, since only 1 HARQ process may be allowed in UL, it may be hard to ensure
backwards compatibility and of less need to further divide the single HARQ process between
cellular and D2D sub-systems, so no D2D and cellular-compatible subframe 402 may co-exist
in the configuration.

[0092] In some embodiments, in order to maintain compatibility of the cellular devices 121 with
the legacy HARQ timing, the network node 110 may further allocate jointly subframes of a
same HARQ process to only one of: cellular-only 401 and D2D and cellular-compatible
subframes 402, so that all subframes corresponding to the same HARQ process are either
cellular-only 401 or D2D and cellular-compatible subframes 402, but not in a mixed way.

Action 307

[0093] Since the amount of cellular and D2D data traffic may vary in the mixed wireless
network 100, network node 110 may need to allocate more or less cellular-only and D2D and
cellular-compatible subframes 401, 402, depending on the amount of traffic in each. In relation
to Figures 6-15, this means that depending on how much cellular and D2D transmission there
may be, the network node 110 may allocate the patterned subframes in the figures, to either
cell-only subframes 401, or D2D and cellular-compatible subframes 402.

[0094] Thus, in this action, the network node 110 may adapt, in the time division multiplexing
301 and the frequency division multiplexing 302, a ratio of cellular-only 401 and D2D and
cellular-compatible subframes 402, dynamically, based on an amount of resources required by
cellular signalling and an amount of resources required by D2D signalling. In some
embodiments, this dynamic adaptation may be carried out according to traffic type and/or
channel quality. In some embodiments, the traffic volume may provide information of how
many bits need to be sent, while in some embodiments the channel quality may provide
information of how many resources needed per bit. By combining the two, the network node
110 may know how many resources are needed for both cellular and D2D communication, and
therefore may be able to decide how to divide the resources between the two. Traffic type may
be determined by inspecting the data packet by using the existing technology of DPI (Deep
Packet Inspection) at the network node 110 side, or assisted by core network entities like PDN



DK/EP 3478014 T3

Gateway. Channel quality may be acquired from a Channel State Information (CSl) report from
the devices 121, 122 123.

[0095] To perform the method actions in the network node 110 described above in relation to
Figures 3-4 and 6-15 for multiplexing a physical channel 400, the network node 110 comprises
the following arrangement depicted in Figure 16. As mentioned above, the network node 110
and devices 121, 122, 123 are comprised in a mixed wireless network 100, wherein the mixed
wireless network 100 further comprises a cellular network comprising one or more cellular
channels and a D2D network comprising one or more D2D channels.

[0096] The network node 110 comprises a multiplexing circuit 1601, wherein the
multiplexing circuit 1601 is configured to time division multiplex the physical channel 400
between a first group of cellular channels 411, 412 and a first group of D2D channels 431, 432,
and frequency division multiplex the physical channel 400 between a second group of cellular
channels 421 and the first group of D2D channels 431, 432.

[0097] In some embodiments, the physical channel 400 may comprise two types of subframes:
a cellular-only subframe 401 and a D2D and cellular-compatible subframe 402, wherein the
cellular-only subframe 401 is associated with the first group of cellular channels, and the D2D
and cellular-compatible subframe 402 is associated with the second group of cellular channels
421 and the first group of D2D channels 431, 432.

[0098] In some embodiments, the first group of cellular channels 411, 412 may comprise a
cellular channel that is prescheduled with a fixed timing and resource location, and the second
group of cellular channels 421 may comprise a cellular channel that is dependent on the
signalling of another cellular channel.

[0099] In some embodiments, the first group of cellular channels 411, 412 may comprise a
cellular PUCCH D-SR/CQI channel, the second group of cellular channels 421 may comprise a
PUCCH A/N channel, and the first group of D2D channels 431, 432 may comprise a DCCH and
a D2D DSCH.

[0100] In some embodiments, at least one of the first group of cellular channels 411, 412 and
the second group of cellular channels 421 may further comprise a cellular Physical Uplink
Shared Channel, PUSCH.

[0101] In some other embodiments, the first group of cellular channels 411, 412 may further
comprise a PUCCH A/N channel.

[0102] In some embodiments, the network node 110 may further comprise a setting circuit
1602, which may be configured to set a frequency margin 440 between the second group of

cellular channels 421 and the first group of D2D channels 431, 432.

[0103] In some of these embodiments, the frequency margin 440 may comprise 7 or more
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physical resource blocks.

[0104] In some embodiments, wherein the devices 121, 122, 123 may comprise cellular
devices 121 and D2D devices 122, 123, the network node 110 may further comprise an
obtaining circuit 1603 which is configured to, for each cellular device 121 to be allocated or
already allocated into the D2D and cellular-compatible subframe 402, obtain information about
interference of one or more active D2D devices 122, 123 in the D2D and cellular-compatible
subframe 402 into which each cellular device 121 is to be allocated or is already allocated.

[0105] In some of these embodiments, obtain information about interference may comprise
one of: to measure the interference, and to receive the information about interference from at
least one of the D2D devices 122, 123.

[0106] In some embodiments, the setting circuit 1602 may be further configured to set the
frequency margin 440 when the obtained information about interference is above an
interference threshold.

[0107] In some embodiments, the D2D and cellular-compatible subframe 402 may have a
position for the second group of cellular channels 421, and the network node 110 may further
comprise a scheduling circuit 1604 configured to schedule only cellular devices 121 that are
transmitting below a first power threshold in the position for the second group of cellular
channels 421.

[0108] In some embodiments, the network node 110 may further comprise a positioning
circuit 1605 further configured to position repetitively cellular-only 401 and D2D and cellular-
compatible subframes 402 within the physical channel 400.

[0109] In some of these embodiments, the positioning circuit 1605 may be further configured
to position repetitively cellular-only 401 and D2D and cellular-compatible subframes 402 within
the physical channel 400 with a timing pattern, wherein the timing pattern is based on a HARQ
timing of the cellular network.

[0110] In some embodiments, the network node 110 may further comprise an allocating
circuit 1606 configured to allocate jointly subframes of a same HARQ process to only one of:
cellular-only 401 and D2D and cellular-compatible subframes 402, so that all subframes
corresponding to the same HARQ process are either cellular-only 401 or D2D and cellular-
compatible subframes 402.

[0111] In some embodiments, the network node 110 may further comprise an adapting
circuit 1607 configured to adapt, in time division multiplexing and frequency division
multiplexing, a ratio of cellular-only 401 and D2D and cellular-compatible subframes 402,
dynamically, based on an amount of resources required by cellular signalling and an amount of
resources required by D2D signalling.
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[0112] In some embodiments, the network node 110 may further comprise a deciding circuit
1608 further configured to decide a frequency and/or time interval in the D2D and cellular-
compatible subframe 402 of the cellular and the D2D channels dynamically, based on the
obtained information about interference, so that the obtained information about interference is
within a determined interference threshold.

[0113] In some embodiments, the network node 110 may be one of. a base station, a
stationary relay node, a mobile relay node, the first device 121, the second device 122, the
third device 123 and a wireless device other than the first device 121, the second device 122
and the third device 123.

[0114] The scheduling circuit 1603 may be comprised in a scheduler. The scheduler may
manage the cellular communications of devices such as the first device 121, as well as the
D2D communications of devices such as the second device 122 and the third device 123. The
scheduler determines if, which and when devices have the possibility to communicate in a
direct D2D communication. The scheduler may provision a discovery signal to be used
between two devices to determine their proximity and/or D2D link estimation. It may also
assign resources for the D2D discovery signal and/or a D2D data channel and/or a D2D control
channel. It may relay information between the at least two devices, and it may configure
connection parameters for the at least two devices of the D2D link, such as power setting, e.g.,
actual, min, max, coding and modulation schemes, segmentation configuration, e.g., transport
block sizes, parameters and/or security keys for encryption/integrity protection, protocol
parameters, which Radio Access Technology, spectrum/carrier to use for D2D link. Typically,
the scheduler may be co-located with the network node 110. The network node co-located with
the scheduler may be in some embodiments: a base station, a stationary relay node -not
pictured-, a mobile relay node - not pictured-, the first device 121, the second device 122, the
third device 123, or a wireless device other than the first device 121, the second device 122
and the third device 123. The scheduler may be capable of communicating with devices such
as the first device 121, the second device 122 and the third device 123 over a respective
scheduler link. The scheduler may also communicate with other devices over other D2D
controller links.

[0115] The embodiments herein for handling a D2D communication may be implemented
through one or more processors, such as a processing circuit 1609 in the network node 110
depicted in Figure 16, together with computer program code for performing the functions and
actions of the embodiments herein. The program code mentioned above may also be provided
as a computer program product, for instance in the form of a data carrier carrying computer
program code for performing the embodiments herein when being loaded into the in the
network node 110. One such carrier may be in the form of a CD ROM disc. It may be however
feasible with other data carriers such as a memory stick. The computer program code may
furthermore be provided as pure program code on a server and downloaded to the network
node 110.

[0116] The network node 110 may further comprise a memory circuit 1610 comprising one or
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more memory units. The memory circuit 1610 may be arranged to be used to store data such
as, the information received or measured by the processing circuit 1609 in relation to obtaining
the device location and/or interference, and applications to perform the methods herein when
being executed in the network node 110. Memory circuit 1610 may be in communication with
the processing circuit 1609. Any of the other information processed by the processing circuit
1609 may also be stored in the memory circuit 1610.

[0117] In some embodiments, information regarding the location of the devices may be
received from another structure in the mixed wireless network 100 through a receiving port
1611. In some embodiments, the receiving port 1611 may be, for example, connected to a
positioning sensor, e.g., GPS. In other embodiments, the receiving port 1611 may be a network
based positioning service via a corresponding communication protocol. Since the receiving port
1611 may be in communication with the processing circuit 1609, the receiving port 1611 may
then send the device location information to the processing circuit 1609. The receiving port
1611 may be configured to receive other information. In some embodiments, information
regarding the interference of the devices may be received from another structure in the mixed
wireless network 100 through the receiving port 1611. Since the receiving port 1611 may be in
communication with the processing circuit 1609, the receiving port 1611 may then send the
device interference information to the processing circuit 1609.

[0118] The information received or measured by the processing circuit 1609 in relation to the
location of the devices and/or obtaining the interference of the devices 122, 123, may be
stored in the memory circuit 1610 which, as stated earlier, may be in communication with the
processing circuit 1609 and the receiving port 1611.

[0119] The processing circuit 1609 may be further configured to send information, such as
transmission grants, through a sending port 1612, which may be in communication with the
processing circuit 1609, and the memory circuit 1610

Those skilled in the art will also appreciate that the multiplexing circuit 1601, the setting circuit
1602, the obtaining circuit 1603, the scheduling circuit 1604, the positioning circuit 1605, the
allocating circuit 1606, the adapting circuit 1607 and the deciding circuit 1608 described above
may refer to a combination of analog and digital circuits, and/or one or more processors
configured with software and/or firmware (e.g., stored in memory) that, when executed by the
one or more processors such as the processing circuit 1609, perform as described above. One
or more of these processors, as well as the other digital hardware, may be included in a single
application-specific integrated circuit (ASIC), or several processors and various digital
hardware may be distributed among several separate components, whether individually
packaged or assembled into a system-on-a-chip (SoC).

[0120] When using the word "comprise” or "comprising” it shall be interpreted as nonlimiting,
i.e. meaning "consist at least of".
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Patentkrav

1. Fremgangsmade i en netvaerksknude (110) til multipleksering af en fysisk
kanal (400) mellem netveerksknuden (110) og indretninger (121, 122, 123), der
er indeholdt i et blandet tradlast netveerk (100), hvor det blandede tradlese
netveerk (100) yderligere omfatter et celluleert netveerk omfattende en eller
flere celluleere kanaler og et indretning-til-indretning-, D2D-, netveerk omfat-
tende en eller flere D2D-kanaler, hvilken fremgangsmade omfatter:

tidsdelt multipleksering (301) af den fysiske kanal (400) mellem en farste
gruppe af celluleere kanaler (411, 412) og en farste gruppe af D2D-kanaler
(431, 432); og

frekvensfordelt multipleksering (302) af den fysiske kanal (400) mellem en an-
den gruppe af celluleere kanaler (421) og den ferste gruppe af D2D-kanaler
(431, 432);

hvor den fysiske kanal (400) omfatter to typer af underrammer: en kun-cellulaer
underramme (401) og en D2D- og celluleer-kompatibel underramme (402), og
hvor den kun-celluleere underramme (401) er tilknyttet den ferste gruppe af
celluleere kanaler (411, 412), og den D2D- og celluleer-kompatible under-
ramme (402) er tilknyttet den anden gruppe af celluleere kanaler (421) og den
farste gruppe af D2D-kanaler (431, 432);

fremgangsmaden endvidere omfatter repetitiv positionering (306) af kun-cellu-
leere (401) og D2D- og celluleer-kompatible underrammer (402) inden for den
fysiske kanal (400), kendetegnet ved, at den repetitive positionering (306) af
kun-celluleere (401) og D2D- og celluleer-kompatible underrammer (402) inden
for den fysiske kanal (400) foretages med et timing-m@nster, og hvor timing-
menstret er baseret pa en Hybrid Automatic Repeat Request-, HARQ-, timing
af det celluleere netveerk.

2. Fremgangsmade ifelge krav 1, hvor den farste gruppe af cellulzere kanaler
(411, 412) omfatter en celluleer kanal, der er forhandsplanlagt med en fast ti-
ming og ressourcelokation, og hvor den anden gruppe af celluleere kanaler
(421) omfatter en celluleer kanal, der er afhaengig af signaleringen af en anden
celluleer kanal.
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3. Fremgangsmade ifalge et af de foregaende krav, hvor den ferste gruppe af
celluleere kanaler (411, 412) omfatter en celluleer Physical Uplink Control
Channel Dedicated-Scheduling Request/Channel Quality Indicators-, PUCCH
D-SR/CAQI-, kanal, den anden gruppe af celluleere kanaler (421) omfatter en
PUCCH Acknowledgement/Negative Acknowledgement-, PUCCH A/N-, ka-
nal, og hvor den ferste gruppe af D2D-kanaler (431, 432) omfatter en D2D
Control Channel, DCCH, og en D2D Shared Channel, DSCH.

4. Fremgangsmade ifelge et af de foregaende krav, hvor mindst en af den far-
ste gruppe af celluleere kanaler (411, 412) og den anden gruppe af celluleere
kanaler (421) yderligere omfatter en cellulzer Physical Uplink Shared Channel,
PUSCH.

5. Fremgangsmade ifalge et af de foregaende krav, hvor den ferste gruppe af
celluleere kanaler (411, 412) yderligere omfatter en PUCCH A/N-kanal.

6. Fremgangsmade ifelge et af de foregaende krav, yderligere omfattende at
saette (304) en frekvensgreense (440) mellem den anden gruppe af celluleere
kanaler (421) og den ferste gruppe af D2D-kanaler (431, 432).

7. Fremgangsmade ifalge krav 6, hvor frekvensgraensen (440) omfatter 7 eller
flere fysiske ressourceblokke.

8. Fremgangsmade ifelge et af de foregaende krav, hvor indretningerne (121,
122, 123) omfatter celluleere indretninger (121) og D2D-indretninger (122,
123), hvor fremgangsmaden yderligere omfatter, for hver celluleer indretning
(121), der skal allokeres eller allerede er allokeret i den D2D- og celluleer-kom-
patible underramme (402), at opna (303) information om interferens af en eller
flere aktive D2D-indretninger (122, 123) i den D2D- og celluleer-kompatible un-
derramme (402) i hvilken hver celluleer indretning (121) skal allokeres eller al-
lerede er allokeret.

9. Fremgangsmade ifalge krav 8, hvor opnaelse (303) af information om inter-
ferens omfatter en af: maling af interferensen og modtagelse af informationen



10

15

20

25

30

DK/EP 3478014 T3

om interferens fra mindst en af D2D-indretningerne (122, 123).

10. Fremgangsmade ifglge et af kravene 8-9, hvor indstillingen (304) af fre-
kvensgraensen (440) udferes, nar den opnaede information om interferens er
over en interferensteerskel.

11. Fremgangsmade ifglge et af de foregaende krav, hvor den D2D- og cellu-
lzer-kompatible underramme (402) har en position for den anden gruppe af
celluleere kanaler (421), hvilken fremgangsmade yderligere omfatter:

at planleegge (305) kun celluleere indretninger (121), der transmitterer under
en farste effektteerskel i positionen for den anden gruppe af celluleere kanaler
(421).

12. Fremgangsmade ifalge krav 1, yderligere omfattende feelles allokering af
underrammer af den samme HARQ-proces til kun en af. kun-celluleere (401)
og D2D- og cellulaer-kompatible underrammer (402), saledes at alle underram-
mer, der svarer til den samme HARQ-proces, er enten kun-cellulzere (401) el-
ler D2D- og celluleer-kompatible underrammer (402).

13. Fremgangsmade ifelge et af de foregaende krav, yderligere omfattende
dynamisk tilpasning (307), i den tidsdelte multipleksering (301) og den fre-
kvensfordelte multipleksering (302), af et forhold mellem kun-celluleere (401)
og D2D- og celluleer-kompatible underrammer (402), baseret pa en maengde
af ressourcer, der kreeves til celluleer signalering, og en meengde af ressourcer,
der kreaeves til D2D-signalering.

14. Fremgangsmade ifelge et af kravene 8-10, yderligere omfattende dyna-
misk at fastleegge et frekvensinterval og/eller tidsinterval i den D2D- og cellu-
leer-kompatible underramme (402) af de celluleere og D2D-kanalerne, baseret
pa den opnaede information om interferens, saledes at den opnaede informa-
tion om interferens er inden for en bestemt interferensteerskel.
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15. Fremgangsmade ifelge et af de foregaende krav, hvor netveerksknuden
(110) er en blandt: en basisstation, en stationaer releeknude, en mobil relee-
knude, den farste indretning (121), den anden indretning (122), den tredje ind-
retning (123) og en tradlgs indretning, som ikke er den farste indretning (121),
den anden indretning (122) og den tredje indretning (123).

16. Netvaerksknude (110) til multipleksering af en fysisk kanal (400) mellem
netvaerksknuden (110) og indretninger (121, 122, 123), der er indeholdt i et
blandet tradlast netvaerk (100), hvor det blandede tradl@se netvaerk (100) yder-
ligere omfatter et celluleert netveerk omfattende en eller flere celluleere kanaler
og et indretning-til-indretning-, D2D-, netveerk omfattende en eller flere D2D-
kanaler, hvilken netveerksknude (110) omfatter:

et multiplekseringskredslab (1601), der er konfigureret til:

a. tidsdelt at multipleksere den fysiske kanal (400) mellem en farste gruppe af
celluleere kanaler (411, 412) og en ferste gruppe af D2D-kanaler (431, 432);
og

b. frekvensfordelt at multipleksere den fysiske kanal (400) mellem en anden
gruppe af celluleere kanaler (421) og den farste gruppe af D2D-kanaler (431,
432).

hvor den fysiske kanal (400) omfatter to typer af underrammer: en kun-cellulaer
underramme (401) og en D2D- og celluleer-kompatibel underramme (402), og
hvor den kun-celluleere underramme (401) er tilknyttet den ferste gruppe af
celluleere kanaler, og den D2D- og celluleer-kompatible underramme (402) er
tilknyttet den anden gruppe af celluleere kanaler (421) og den farste gruppe af
D2D-kanaler (431, 432),

hvor multiplekseringskredslabet (1601) er konfigureret til repetitiv positionering
af kun-celluleere (401) og D2D- og celluleer-kompatible underrammer (402) in-
den for den fysiske kanal (400),

kendetegnet ved at

multiplekseringskredslabet (1601) yderligere er konfigureret til positionering af
kun-celluleere (401) og D2D- og celluleer-kompatible underrammer (402) inden
for den fysiske kanal (400) med et timing-m@nster, og hvor timing-manstret er
baseret pa en Hybrid Automatic Repeat Request-, HARQ-, timing af det cellu-
leere netveerk.
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17. Netveerksknude (110) ifelge krav 16, hvor den farste gruppe af celluleere
kanaler (411, 412) omfatter en celluleer Physical Uplink Control Channel Dedi-
cated-Scheduling Request/Channel Quality Indicators-, PUCCH D-SR/CAQI-,
kanal, den anden gruppe af celluleere kanaler (421) omfatter en PUCCH Ack-
nowledgement/Negative Acknowledgement-, PUCCH A/N-, kanal, og hvor den
ferste gruppe af D2D-kanaler (431, 432) omfatter en D2D Control Channel,
DCCH, og en D2D Shared Channel, DSCH.
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Fig. 9
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