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ABSTRACT 

There is provided a solution for improving the quality of 
service of end-to-end communication between at least two 
user terminals. The Solution comprises applying uplink 
signaling in which information related to the traffic status of 
a direct device-to-device communication link is transmitted. 
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DEVICE-TO-DEVICE COMMUNICATION 

FIELD 

0001. The invention relates generally to mobile commu 
nication networks. More particularly, the invention relates to 
device-to-device communication in a communication net 
work. 

BACKGROUND 

0002 Generally, in a mobile communication network, 
such as the Long Term Evolution (LTE) or the LTE-Ad 
vanced (LTE-A) of the 3' Generation Partnership Project 
(3GPP), two user terminals communicate with each other 
via a base station (evolved Node B (eNB) in the LTE). 
However, the requirements for efficient use of network 
resources and the needs for new services or service models 
may lead to applying direct device-to-device (D2D) com 
munication. The D2D communication, or mobile-to-mobile, 
terminal-to-terminal, or peer-to-peer communication may be 
employed within the mobile communication network. 
0003. The direct D2D communication comprises at least 
two relatively closely located devices communicating with 
each other directly instead of a conventional communication 
link for end-to-end (E2E) communication, in which the 
Source device transmits data to the destination device via the 
eNB. The two devices in the D2D communication may 
apply radio resources of the mobile communication net 
work, thus sharing the resources with devices that are 
communicating with the eNB in the conventional link. This 
may lead to challenges in the radio resource allocation 
performed by the eNB. Further, the quality of service (QoS) 
of the E2E communication may suffer from the decisions 
related the radio resource allocation, a data transport method 
(the D2D communication link versus the conventional link), 
and the like, governed by the eNB. 
0004 Consequently, for the sake of performing reliable 
D2D communication, reducing transmitter power, increas 
ing the capacity and coverage of the network, and creating 
and Supporting services for the users, it is important to 
provide a solution for more efficient use of the D2D com 
munication in a mobile communication network. 

BRIEF DESCRIPTION OF THE INVENTION 

0005. An object of the invention is to provide a solution 
for more efficient use of direct device-to-device communi 
cation. 
0006. According to an aspect of the invention, there is 
provided a method as specified in claim 1. 
0007 According to an aspect of the invention, there are 
provided apparatuses as specified in claims 15 and 29. 
0008 According to an aspect of the invention, there is 
provided a computer program product as specified in claim 
3O. 

0009 Embodiments of the invention are defined in the 
dependent claims. 

LIST OF DRAWINGS 

0010. In the following, the invention will be described in 
greater detail with reference to the embodiments and the 
accompanying drawings, in which 
0011 FIG. 1 presents a communication network accord 
ing to an embodiment; 
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0012 FIG. 2 presents a communication network employ 
ing a direct communication link according to an embodi 
ment; 
0013 FIG. 3 shows a communication network employing 
a direct communication link according to an embodiment; 
0014 FIG. 4 illustrates a communication network 
employing a direct communication link according to an 
embodiment; 
0015 FIG. 5 illustrates use of sequence numbers accord 
ing to an embodiment; 
0016 FIG. 6 shows a block diagram of an apparatus 
according to an embodiment; 
0017 FIG. 7 illustrates a method for applying uplink 
signaling according to an embodiment; 
0018 FIG. 8 presents a method for controlling the quality 
of service of the communication, according to an embodi 
ment; and 
0019 FIG. 9 presents a method for transmitting the 
uplink signaling according to an embodiment. 

DESCRIPTION OF EMBODIMENTS 

0020. The following embodiments are exemplary. 
Although the specification may refer to “an”, “one', or 
“some' embodiment(s) in several locations of the text, this 
does not necessarily mean that each reference is made to the 
same embodiment(s), or that a particular feature only applies 
to a single embodiment. Single features of different embodi 
ments may also be combined to provide other embodiments. 
Although this invention is described using LTE (or Evolved 
universal mobile telecommunications system (UMTS) ter 
restrial radio access network (UTRAN) as a basis, it could 
be applicable to any other wireless mobile communication 
systems as well. For example, the embodiments may be 
applied under the UMTS or the Global system for mobile 
communications (GSM), etc. The telecommunication sys 
tem may have a fixed infrastructure providing wireless 
services to subscriber terminals: 
0021 FIG. 1 illustrates possible methods for communi 
cation in a mobile communication network. The communi 
cation network may comprise a base station 100. The base 
station 100 may provide radio coverage to a cell 102, control 
radio resource allocation within the cell 102, perform data 
and control signaling, etc. The cell 102 may be a macro cell, 
a micro cell, or any other type of cell where radio coverage 
is present. Further, the cell 102 may be of any size or form 
depending on the antenna aperture. That is, it may not be of 
oval or circular form, but any other form is applicable to 
embodiments. The cell 102 controlled by the base station 
100 may be divided into sectors, but such a scenario is not 
illustrated in greater detail in order to keep the focus on the 
invention. 
0022. The base station 100 may be used by multiple 
network operators in order to provide radio coverage from 
multiple operators to the cell 100. The base station 100 may 
be a node B, an evolved node B (eNB) as in LTE-A, a radio 
network controller (RNC), or any other apparatus capable of 
controlling radio communication within the cell 102. In the 
case of multiple base stations in the communication net 
work, the base stations may be connected to each other with 
an X2 interface and via S1 interface to an evolved packet 
core (EPC), more specifically to a mobility management 
entity (MME) and to a serving gateway (S-GW). The MME 
controls the functions of non-access stratum signaling, 
roaming, authentication, tracking area list management, etc., 
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whereas the S-GW handles functions including packet rout 
ing and forwarding, E-UTRAN idle mode packet buffering, 
etc 

0023 Referring to FIG. 1, the cell 102 is associated with 
the base station 100 controlling communications within the 
cell 102. The base station 100 may control a cellular radio 
communication link established between the base station 
100 and terminal devices 110 to 112 located within the cell 
102. As explained in the background section, a conventional 
communication link for end-to-end communication is such 
where the source device transmits data to the destination 
device via the base station 100. That is, radio communica 
tion links 114 and 116 are established between the terminal 
device 110 and the base station 100, and between the 
terminal device 112 and the base station 100, respectively. 
Therefore, the user terminals 110, 112 may communicate 
with each other via the base station 100. 
0024. According to an embodiment, direct device-to 
device (D2D) connections may be established among ter 
minal devices. Direct communication links between two 
devices are established, e.g., between terminal devices 120 
and 122 in FIG. 1. A direct communication link 124 may be 
based on any radio technology Such that the terminal devices 
120 and 122 involved in the direct communication may 
apply communication according to any of a plurality of radio 
access technologies. 
0025. According to an embodiment, the base station 100 
may be responsible for controlling the direct communication 
link 124, as shown with dashed, bi-directional lines in FIG. 
1. The radio access technology of the direct communication 
link 124 may operate on the same frequency band as the 
conventional communication link and/or outside those fre 
quency bands to provide the arrangement with flexibility. 
Thus, the base station 100 may be responsible for allocating 
radio resources to the direct communication link 124 as-well 
as for the conventional communication links 114 and 116. 
For example, the cellular network may operate in FDD 
duplex mode and the direct communication link 124 may 
apply TDD duplex mode utilizing uplink, downlink or 
uplink and downlink radio resources of the cellular network 
under the control of the base station 124. 

0026 FIG. 2 shows a mobile communication network 
according to an embodiment. The network comprises a base 
station 200 and two user terminals 220 and 222. The user 
terminal 220, 222 may be a palm computer, user equipment 
or any other apparatus capable of operating in a mobile 
communication network. Even though the user terminals 
220, 222 could apply conventional communication via the 
base station 200, they can communicate directly with each 
other via a D2D direct communication link 224. According 
to an embodiment, the two user terminals 220, 222 are the 
terminating points of the communication. The direct com 
munication link may be utilized during a service or a call, for 
example. 
0027. The direct communication link 224 may be estab 
lished by the base station 200 that provides radio coverage 
to the cell in which the user terminals 220, 222 are located. 
That is, the base station 200 may establish the connection 
224 by controlling the operations of the user terminals 220, 
222 via bi-directional control channels 204 and 206, as 
shown in FIG. 2. Further, the base station may be respon 
sible for radio bearer control of the cellular network. The 
radio bearer is used to carry data with a certain QoS 
requirements, for example for a certain application. The user 
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terminals 220, 222 may be in RRC connected state and, 
therefore, connected to the base station at least for control 
purposes via the control links 204, 206. 
0028. In order to facilitate efficient resource allocation 
and to provide adequate E2E QoS to the UEs utilizing 
possible direct D2D communications during the service or 
call, there is a need for the base station to know about the 
traffic demand, status and performance of the direct D2D 
communication link. In addition, Sufficient monitoring of the 
D2D connection is desirable for fair charging and possible 
legal issues in public networks which require having a 
mechanism in place to monitor active users. Because the 
direct communication mode considered herein is meant for 
E2E communications where the two user terminals are the 
terminating points of the data communication, the base 
station may not be able to monitor the actual status and 
traffic performance over the D2D connection directly but 
rely on reporting from the involved UEs. Thus, according to 
an embodiment, the base station relies on reports obtained 
from the at least one user terminal in order to monitor the 
D2D communication link. 

0029. According to an embodiment, at least one user 
terminal 220, 222 and the base station 200 apply uplink 
signaling 208 in the mobile communication, wherein the 
signaling comprises information related to the traffic status 
of the direct communication link 224 between two user 
terminals 220, 222. That is, the information may be related 
to how actively and how well the communication link 224 
is applied in communication of data packets between the 
user terminals 220, 222. 
0030. In addition, the information may be further related 
to functionalities of the radio-interface data link layer (layer 
2) or above of at least one user terminal 220, 222 involved 
in the direct communication link 224. That is, at least one of 
the user terminals 220, 222 informs the base station via the 
uplink 208 about the status of the layer 2 or above. The layer 
2, in the radio interface of a radio access network, Such as 
UTRAN or E-UTRAN, often consists of a medium access 
control (MAC) sub-layer and a radio link control (RLC) 
Sub-layer on top of MAC. In addition, a packet data con 
vergence protocol (PDCP) on top of RLC may be considered 
as a sub-layer of the layer 2 as well. The layer 2 is 
responsible for in-order, reliable and secured data-packet 
transfer between peer-to-peer network entities. The layer 2 
may adopt retransmission mechanisms. Such as automatic 
repeat request (ARQ) and/or hybrid automatic repeat request 
(HARO) protocols for detecting and correcting or recover 
ing residual packet errors that may occur in the physical 
layer or that may be left by the physical layer. The infor 
mation related to the layer 2 may thus comprise knowledge 
regarding the Successfulness of the data transfer as well as 
the status of the transmitter/receiver data buffers on the radio 
bearer basis. In other words, the information transmitted in 
the uplink 208 may, according to an embodiment, comprise 
information to be monitored on the layer 2 of the connection 
between the two user terminals 220 and 222. 

0031. The information may comprise at least one of the 
following: transmitter buffer status, sequence number of the 
last arrived data packet, sequence number of the last trans 
mitted data packet, sequence number of the last in-sequence 
received data packet, sequence numbers of at least one 
out-of-sequence received data packet and sequence numbers 
of at least one missing data packet, on the radio bearer basis 
of the user terminals. The data packet may correspond to a 



US 2017/0094561 A1 

packet data convergence protocol (PDCP) packet. Accord 
ing to an embodiment, these items may be comprised in the 
transmitted information in any possible combination. That 
is, the information may comprise, for example, one, three or 
all of these items. 

0032. The transmitter buffer status may denote the status 
of the buffer of either the user terminal 220 or the user 
terminal 222, or the buffers of both of the user terminals 220 
and 222. For example, the total amount of data found in the 
buffer may be reported to the base station 200. The buffer 
may be used to store data packets to be transmitted via the 
direct communication link 224 on the radio bearer basis. 
0033 FIG. 5 illustrates exemplary use of sequence num 
bers. The data packets that are transmitted to the other end 
of the direct communication link may be identified with the 
sequence numbers 500 to 514 at the transmitter. Then, the 
receiver of the data packet may extract the sequence number 
500 to 514 from the received data packet. Further, the 
transmitter may inform the receiver about the total number 
of data packets that are to be transmitted (instead of the total 
amount of data Volume as for the buffer status in case data 
packets have preconfigured equal sizes). The sequence num 
bers 500 to 514 may thus be used in determining if all of the 
data packets have been received. Further, the sequence 
numbers 500 to 514 may be applied in determining the last 
in-sequence received data packet. In-sequence denotes that 
the sequence number of the received data packet follows the 
pattern of the previously received data packets. For example, 
in the case when the received sequence numbers are 1, 2, 3, 
8 and 4, the last in-sequence received data packet is the data 
packet identified with the sequence number 4 (the received 
data packets are re-ordered in the receiver). Further, the 
sequence numbers of the at least one out-of-sequence 
received data packet are, in this case, the sequence number 
8. The at least one missing data packet is, in this case, the 
data packets identified with sequence numbers 5, 6 and 7. 
0034 Let us take another look at FIG. 2. According to an 
embodiment, a user terminal 222 determines the information 
and transmits the information in the uplink 208. That is, the 
user terminal 222 transmits the information related to the 
traffic status of the direct communication link 224 concern 
ing both the user terminals 220 and 222 on the radio bearer 
basis via the uplink 208. The user terminal 222 may transmit 
the information in the uplink on the MAC layer or above, 
including the option of using radio resource control (RRC) 
signaling. 
0035. According to an embodiment, the user terminal 222 
may be configured to transmit the information in uplink 
periodically. That is, after a predetermined time the user 
terminal 222 transmits the information to the base station. 
Further, the transmission of information may occur after a 
predefined event, as the user terminal is configured or 
requested. For example, if the transmitter buffer reaches a 
predetermined level, the user terminal 222 may be triggered 
to transmit the information to the base station 200 via 208. 
The user terminal may also gather the information and 
transmit it to the base station upon receiving a request from 
the base station. In addition, the transmission of information 
may occur periodically after some predefined or specified 
event has occurred. The period for transmission may be 
adaptively varied during the communication. 
0036. According to an embodiment, the user terminal 222 
may collect the information from the other user terminal 220 
involved in the direct communication link. The user terminal 
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222 may request the user terminal 220 to transmit the 
information to the user terminal 222 via a link 226. Alter 
natively, the information may be transmitted from the user 
terminal 220 to the user terminal 222 via the direct com 
munication link 224 already established. 
0037. Further, the user terminal 222 may then transmit 
the collected information in the uplink. The user terminal 
222 may then transmit the collected information together 
with the information gathered by itself, that is from its own 
layer 2, from its own sequence number information, from its 
own transmitter buffer, and the like. 
0038. That is, both of the user terminals 220, 222 of the 
direct communication link 224 may determine the informa 
tion. However, the information may be transmitted in the 
uplink to the base station by only one of the user terminals 
220, 222 of the direct communication link 224. 
0039 However, as shown in FIG. 3, according to another 
embodiment, both of the user terminals 320 and 322 
involved in the direct communication link 324 may transmit 
the information to the base station 300 in the uplink via 
uplink channels 304 and 306, respectively. That is, the 
transfer of the information between the user terminals 320, 
322 may not take place, because both user terminals 320, 
322 transmit the information directly to the base station. 
0040. According to an embodiment, the transmission of 
the information from more than one user terminal involved 
in the direct communication may take place simultaneously 
in a synchronized manner, as configured and controlled. 
According to another embodiment, the transmission of the 
information from one user terminal may take place at a 
predefined time offset compared to another user terminal. 
For example, the user terminal 320 may transmit the infor 
mation with a predetermined time offset compared to the 
user terminal 322. 

0041. By transmitting the information related to the traf 
fic status of the direct communication link on the radio 
bearer basis in the uplink, the receiving base station may 
obtain knowledge it can apply in controlling the resource 
allocation and quality of service of end-to-end communica 
tion between the two user terminals. This controlling also 
includes possible switching back and forth between the 
Supported radio-connectivity-and-operation modes of using 
a conventional cellular link via the base station or using 
direct D2D communication link, or using both. The end-to 
end communication denotes the communication between 
two user terminals on a certain application level, either 
directly between the two user terminals or via the base 
station in the conventional communication method. 

0042. By transmitting the information related to the traf 
fic status of the direct communication link on the radio 
bearer basis in the uplink, the receiving base station may 
obtain knowledge on the data Volume of ongoing device 
to-device communication and report the data Volume to core 
network for e.g. charging purpose. 
0043 Looking back to FIG. 2, according to an embodi 
ment, the base station 200 receives the information on the 
MAC layer or above including the option of using radio 
resource control (RRC) signaling. The information may be 
related to the traffic status of the direct communication link 
224 between the two user terminals 220, 222, and further 
related to the functionalities of the layer 2 of at least one of 
the two user terminals 220, 222 involved in the direct 
communication link 224. 
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0044 According to an embodiment, the base station 
configures and controls the user terminal monitoring and 
uplink signaling reports from the at least one user terminal 
220, 222. Consequently, the base station 200 receives the 
uplink signaling from the at least one UE. The base station 
200 may receive information periodically or in an event 
triggered fashion. The event that triggers the transmission of 
information can be determined beforehand in the configu 
ration of the mobile communication network. An exemplary 
event could be a fulfillment of the transmitter buffer up to a 
certain threshold. Further, the base station 200 may request 
either of the user terminals 220, 222 to transmit the infor 
mation at any point of the communication. 
0045. Further, the base station 200 controls the user 
terminal reporting Such that it receives the information from 
one user terminal only, or from more than one user terminal 
220, 222. In a case the base station 200 receives the 
information from both of the user terminals 220, 222, the 
base station 200 may control the reporting such that the base 
station 200 receives the information simultaneously from 
both user terminals 220, 222, or first from one user terminal 
and, after a time offset delay, from the other user terminal. 
According to the embodiment, the base station 200 obtains 
knowledge of the traffic status on the ongoing direct com 
munication link 224 between the two user terminals 220, 
222, on the basis of the received information in the uplink 
channel 208. Further, the base station 200 may determine the 
D2D communication link performance including the prog 
ress of the corresponding radio bearers: their current data 
buffer status, up-to-date packet losses, and so forth. 
0046. The base station 200 may then be able to control 
the quality of service (QoS) of the end-to-end communica 
tion between the two user terminals 220, 222 on the basis of 
the received information. In other words, the base station 
200 may, during a service or a call, control Switching back 
and forth between the two modes: either using conventional 
links 210 for communication via the base station, using D2D 
communication links 224 without routing data through the 
base station 200, or using both of these modes simultane 
ously. This can be considered as a part of user terminal 
connection management and QoS control. Further, the base 
station is responsible for setting up, configuring and recon 
figuring corresponding radio bearer(s) for each mode. The 
base station may also be responsible for controlling and 
scheduling data transmissions of each radio bearer to pro 
vide required QoS. Namely, the end-to-end communication 
does not denote simply the direct communication link 224, 
but also the conventional communication link 210 via the 
base station 200. The QoS denotes that the user terminals 
involved in the communication can employ Sufficient 
resources in order to keep the communication reliable and 
free of unnecessary delays. Further, it denotes the ability to 
provide different priorities to different data flows, and to 
guarantee a certain level of performance to any data flow. 
For example, a required bit rate and packet dropping prob 
ability and/or bit error rate may be kept within certain 
predetermined limits. 
0047 According to an embodiment, the base station 200 
may redistribute radio resources of the mobile communica 
tion on the basis of the received information. For example, 
the base station 200 may temporarily allocate more 
resources to the direct communication link 24 if the infor 
mation received implies that the level of the traffic is high in 
the direct communication link 224 or there are more than a 
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certain threshold number of missing packets in the commu 
nication between the two user terminals 220, 222. 
0048. It can be understood that at the establishment of the 
direct communication link 224, the base station has allo 
cated a certain number of radio resources to the link 224, that 
is a certain number of radio resources that the user terminals 
220, 222 involved in the direct communication link may use. 
The radio resources may be allocated in a frequency, time, 
spatial and/or code domain. That is, the communication link 
224 may apply a certain frequency range, a certain time 
frame, a certain spatial orientation, or a certain code to 
distinguish the direct communication link 224 from other 
communications taking place in the vicinity of the direct 
communication link 224. Thus, after receiving a report of 
information in the uplink 208, the base station 200 may 
reallocate the radio resources such that sufficient quality of 
service is ensured for the direct communication link 224. For 
example, the base station 200 may allocate more resources 
to the direct communication link 224 if the traffic situation 
on the link requires more resources. If the traffic situation in 
the link 224 is lower than current radio resources would 
allow, the base station 200 may release some of the 
resources allocated to the link 224 such that they can be 
allocated to different communication links within the cell in 
which the base station 200 provides radio coverage. Alter 
natively, the base station 200 may decide that no redistri 
bution of radio resources is needed at this point if the traffic 
situation and quality of the direct communication link is 
such that the number of radio resources allocated to the link 
224 is of appropriate amount. 
0049 According to an embodiment, the base station 200 
may decide whether to apply the conventional radio com 
munication link 210 via the base station 200 or the direct 
communication link 224 between the two user terminals 
220, 224 or not, on the basis of the received information. 
That is, the base station 200 may make the decision on the 
basis of the received traffic status and layer 2 information. 
For example, if the information implies that the traffic 
between the user terminals 220, 222 is such that the packet 
error rate or the like is above a predefined threshold, the 
direct communication link 224 may be stopped and the 
communication connection is Switched to use the conven 
tional communication link 210 via the base station 200, on 
the radio bearer basis. This is also referred to as mode 
switching or mode reselection between the direct mode and 
the conventional mode. 

0050. The base station 200 may further apply information 
related to the condition of the link 224 in making the 
decision whether to apply the conventional radio commu 
nication via the base station 200 or the direct communication 
between the two user terminals 220, 224 or not, or whether 
to redistribute the radio resources. That is, the invention does 
not exclude the use of information related to link 224 quality 
metrics, such as time? frequency variance, a signal-to-noise 
ratio (SNR), etc., in addition to the information related to at 
least one of the following: the traffic status, the data flow and 
the layer 2. 
0051. In an embodiment, as shown in FIG. 4, one 420 of 
the two user terminals 420, 422 is located in a radio coverage 
area 402 of a base station 400 and the other 422 of the two 
user terminals 420, 422 is located in a radio coverage area 
412 of a different base station 410. Regardless of this, the 
user terminals 420, 422 may apply a direct communication 
link 424. However, in this case the quality of service of the 
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communication between the two user terminals 420, 422 
may be controlled by more than one base station. For 
example, the link 424 may be controlled by two base stations 
400, 410, as shown with dotted lines 404 and 414, respec 
tively. 
0052. In order to coordinate the control performed by the 
base stations 400, 410, the base stations 400, 410 may 
communicate with each other. That is, according to an 
embodiment, a base station 400 communicates with at least 
one other base station 410 in order to coordinate the quality 
of service of the end-to-end communication between the at 
least two terminals 420, 422. The base station 400 may 
communicate with base station 410 via, for example, the X2 
interface 440 of the LTE. The base stations 400, 410 may 
keep each other updated of the layer 2 status information of 
the direct communication link 424. Such as the packet data 
convergence protocol (PDCP) level report on the radio 
bearer basis received from at least one user terminal 420, 
422. Here the base stations 400, 410 may control the QoS of 
the communication between the user terminals 420 and 422 
by redistributing radio resources within the two cells 402 
and 412, or by performing mode Switching from the direct 
mode to the conventional mode. 

0053 According to an embodiment, the controlling base 
station may be involved in performing conventional han 
dover for a user terminal involved in the direct communi 
cation link from one cell to another cell, in addition to 
controlling the QoS of the communication between the at 
least two terminals. 

0054 According to an embodiment, FIG. 5 can be seen to 
comprise data packets in one radio bearer. That is, the radio 
bearer shown in FIG.5 may comprise data packets identified 
with sequence numbers 500 to 514. A different number of 
sequence numbers may be applied by another radio bearer. 
The radio bearer is used to carry certain type of data from a 
transmitter to a receiver. A certain radio bearer may require 
certain quality of service. The at least one user terminal may 
communicate the information related to the traffic status of 
the direct communication link between at least two terminals 
on the radio bearer basis. That is, the user terminal trans 
mitting the information in the uplink may transmit the 
information for each radio bearer. For example, the user 
terminal may transmit the sequence number of the last 
in-sequence received data packet in a radio bearer. Then the 
receiving base station may control the QoS of the end-to-end 
communication in a radio bearer specific manner. 
0055. A very general architecture of an apparatus accord 
ing to an embodiment of the invention is shown in FIG. 6. 
FIG. 6 shows only the elements and functional entities 
required for understanding the apparatus according to an 
embodiment of the invention. Other components have been 
omitted for reasons of simplicity. The implementation of the 
elements and functional entities may vary from those shown 
in FIG. 6. The connections shown in FIG. 6 are logical 
connections, and the actual physical connections may be 
different. It is apparent to a person skilled in the art that the 
apparatus for applying the uplink signaling may also com 
prise other functions and structures. 
0056. According to an embodiment, the apparatus 600 is 
comprised in a user terminal of a mobile communication 
network. According to another embodiment, the apparatus 
600 is comprised in a base station of a mobile communica 
tion network. 
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0057 The apparatus 600 for applying the uplink signal 
ing may comprise a processor 602. The processor 602 may 
be implemented with a separate digital signal processor 
provided with suitable software embedded on a computer 
readable medium, or with a separate logic circuit, Such as an 
application specific integrated circuit (ASIC). The processor 
602 may comprise an interface. Such as computer port, for 
providing communication capabilities. 
0058. The processor 602 may be configured to apply 
uplink signaling to mobile communication, wherein the 
signaling comprises information related to the traffic status 
of a direct communication link between at least two termi 
nals. Further the signaling may be related to functionalities 
of the layer 2 of at least one user terminal involved in the 
direct communication link. 

0059. Further, according to an embodiment, the processor 
602 is applicable to a user terminal involved in a direct 
communication link between at least two terminals. Then, 
the processor 602 may determine the information related to 
the traffic situation and layer 2, and transmit the information 
in the uplink. 
0060. The apparatus 602, applicable to a user terminal, 
may be configured to manage a cache buffer beside the 
conventional layer 2 transmission-and-reception buffers in 
order to re-transmit at least one data packet already trans 
mitted, as configured or if requested. The cache buffer is 
designed for monitoring the contents of direct in-band D2D 
communication, if desired. The buffer may be stored in a 
memory 604. The memory 604 may be connected to the 
processor 602. However, memory may also be integrated to 
the processor 602 and, thus, the memory 604 may not be 
required. The buffer may comprise one or more data packets 
transmitted previously via the direct communication link, 
and the apparatus 602 may be requested to re-transmit one 
or more data packets to the base station or to the other user 
terminal involved in the direct communication link. The data 
packets requested to be re-transmitted may be, for example, 
missing data packets. 
0061 Further, according to an embodiment, the processor 
602 is applicable to a base station. Then, the processor 602 
may control the quality of service of end-to-end communi 
cation between the at least two terminals on the basis of the 
received information. Further, the apparatus 602 may man 
age a virtual radio bearer database corresponding to the 
actual radio bearers applied to the direct communication 
between the at least two terminals. In addition, the apparatus 
may update the virtual radio bearer database on the basis of 
the received information related to the traffic status and the 
MAC layer. The virtual radio bearer database may be used 
when the mode Switching from the direct communication 
mode to the conventional communication mode takes place. 
The apparatus 600 may store the virtual database in the 
memory 604, or store it directly in the processor 602. 
0062. Further, when the processor 602 is applicable to a 
base station, the processor 602 may be in control of the 
cache buffer that is present in the user terminal beside the 
conventional layer 2 transmission-and-reception buffers in 
order to re-transmit at least one data packet already trans 
mitted, as configured or if requested. The processor 602 may 
control for example the configuration and operation of the 
buffer. The processor 602 may, for example, configure the 
size of the buffer, different window sizes and/or timers to 
manage the buffer (e.g. to empty the buffer). 
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0063. Further the processor 602 may give commands to 
the user terminal storing the buffer to send any packets in the 
buffer to the apparatus 600 in order to perform monitoring 
of the data traffic or re-transmissions via the conventional 
communication method. According to an embodiment, the 
apparatus 600 controls re-transmissions of the direct com 
munication link between the two user terminals such that the 
re-transmissions are performed through the conventional 
radio communication via the apparatus 600. According to 
another embodiment, the apparatus controls the re-transmis 
sion in the direct communication link if Such re-transmis 
sions directly between the two user terminals are needed. 
According to another embodiment, the apparatus 600 con 
trols, RLC (Radio Layer Control) layer re-transmissions of 
the direct communication link between the two user termi 
nals such that the RLC (Radio Layer Control) layer re 
transmissions are performed through the conventional radio 
communication via the apparatus 600. 
0064. The apparatus 600 may further comprise a trans 
ceiver (TRX) 606. The TRX 606 may further be connected 
to an antenna 608 enabling connection to and from an air 
interface. Alternatively, the antenna 608 may be connetted to 
a wired interface. The TRX 606 may enable transmission 
and/or reception of information. 
0065 FIG. 7 shows a method for applying the uplink 
signaling. The method begins in step 700. In step 702 the 
method comprises applying the uplink signaling, in which 
information related to the traffic status of the direct com 
munication link between at least two terminals is transmitted 
from a user terminal involved in the direct communication 
link to the base station. The method ends in step 704. 
0066 FIG. 8 illustrates a method for controlling the 
quality of service of the end-to-end communication between 
the at least two terminals at the base station. The method 
begins in step 800. In step 802, the base station receives the 
uplink signaling information related to the traffic status of 
the direct communication link. In step 803, the base station 
monitors data Volume of ongoing end-to-end communica 
tion between at least two user terminals on the basis of the 
received information. Then the base station determines the 
best course of action. In step 804A the base station deter 
mines that the direct communication is not providing Sufi 
cient quality, and thus, the base station decides to Switch to 
the conventional communication mode, in which commu 
nication between two user terminals is performed via the 
base station. Alternatively, in step 804B, the base station 
decides to reallocate/redistribute the radio resources of the 
mobile communication network such that more or fewer 
radio resources are allocated to the direct communication 
link. The method ends in step 806. 
0067 FIG. 9 shows a method for applying the uplink 
signaling at the user terminal. The method begins in step 
900. In step 902, the method comprises determining the 
information related to the traffic status and/or to the layer 2 
at the user terminal. Further, in case one user terminal 
applies the uplink signaling, step 904 takes place, in which 
the user terminal collects the information from the other user 
terminal(s) involved in the direct communication link. How 
ever, step 904 may not be required in the case when each 
user terminal involved in the direct communication trans 
mits the uplink signaling. Then, the method comprises 
transmitting the information in the uplink in step 906. The 
method ends in 908. 
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0068. Even though the description is given in most parts 
for two user terminals involved in the direct communication 
link, it is straightforward to generalize the invention for a 
case where direct communication is established between a 
plurality of user terminals. 
0069. The invention offers several advantages. For 
example, it allows separating the link and signal quality 
based uplink reporting from the dataflow related QoS man 
agement as described. The link and signal quality based 
management of radio resources requires a lot of signaling 
due to the fact that channel quality information needs to be 
transmitted to the base station in order for the base station to 
make an informed decision related to the quality of the 
communication, whereas the latter, as described, needs only 
moderate signaling. Further, the link and signal quality 
based management of radio resources is generally performed 
initially in the establishment of the link and quite seldom 
afterwards. The data traffic and layer 2 related QoS man 
agement as described herein can be performed during on 
going direct communication between at least two terminals. 
According to an embodiment, most of the automatic repeat 
request (ARQ) complexity can be performed in the conven 
tional communication link instead of the direct communi 
cation link. 

0070 The techniques and methods described herein may 
be implemented by various means. For example, these 
techniques may be implemented in hardware (one or more 
devices), firmware (one or more devices), software (one or 
more modules), or combinations thereof. For a hardware 
implementation, the apparatus of FIG. 6 may be imple 
mented within one or more application-specific integrated 
circuits (ASICs), digital signal processors (DSPs), digital 
signal processing devices (DSPDs), programmable logic 
devices (PLDs), field programmable gate arrays (FPGAs), 
processors, controllers, micro-controllers, microprocessors, 
other electronic units designed to perform the functions 
described herein, or a combination thereof. For firmware or 
Software, the implementation can be carried out through 
modules of at least one chip set (e.g. procedures, functions) 
that perform the functions described herein. The software 
codes may be stored in a memory unit and executed by 
processors. The memory unit may be implemented within 
the processor or externally to the processor. In the latter case 
it can be communicatively coupled to the processor via 
various means, as is known in the art. Additionally, the 
components of the systems described herein may be rear 
ranged and/or complimented by additional components in 
order to facilitate the achieving of the various aspects, etc., 
described with regard thereto, and they are not limited to the 
precise configurations set forth in the given figures, as will 
be appreciated by one skilled in the art. 
0071. Thus, according to an embodiment, the apparatus 
for performing the tasks of FIGS. 2 to 4 and 7 to 9 comprises 
processing means for applying the uplink signaling, in 
which information related to the traffic status of the direct 
communication link between at least two terminals is trans 
mitted from a user terminal involved in the direct commu 
nication link to the base station. 

0072 Embodiments of the invention may be imple 
mented as computer programs in the apparatus of FIG. 6 
according to the embodiments of the invention. The com 
puter programs comprise instructions for executing a com 
puter process for improving the quality of service of the 
end-to-end communication between the at least two termi 
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nals. The computer program implemented in the apparatus 
may carry out, but is not limited to, the tasks related to FIGS. 
2 to 4 and 7 to 9. 
0073. The computer program may be stored on a com 
puter program distribution medium readable by a computer 
or a processor. The computer program medium may be, for 
example but not limited to, an electric, magnetic, optical, 
infrared or semiconductor system, device or transmission 
medium. The computer program medium may include at 
least one of the following media: a computer readable 
medium, a program storage medium, a record medium, a 
computer readable memory, a random access memory, an 
erasable programmable read-only memory, a computer read 
able software distribution package, a computer readable 
signal, a computer readable telecommunications signal, 
computer readable printed matter, and a computer readable 
compressed software package. 
0074. Even though the invention has been described 
above with reference to an example according to the accom 
panying drawings, it is clear that the invention is not 
restricted thereto but can be modified in several ways within 
the scope of the appended claims. Further, it is clear to a 
person skilled in the art that the described embodiments 
may, but are not required to, be combined with other 
embodiments in various ways. 

1. A method, comprising: 
applying, by a mobile communication device, uplink 

signaling in mobile communication, wherein the sig 
naling comprises information determined by the device 
as related to a traffic status of a direct communication 
link between at least two user terminals being the 
terminating points of the communication; and 

transmitting the information in the uplink to a base station 
from at least one user terminal involved in the direct 
communication link thereby enabling the base station 
to control the quality of service of an end-to-end 
communication between the at least two user terminals 
based on the received information. 

2. The method of claim 1, wherein the information is 
related to a packet data convergence protocol. 

3. The method of claim 1, wherein the uplink signaling is 
applied on a medium access control layer or on a radio 
resource control layer. 

4. The method of claim 1, 
wherein the transmitting is performed periodically, after a 

predetermined event, or on request. 
5. (canceled) 
6. (canceled) 
7. The method of claim 1, further comprising: 
transmitting the information simultaneously in a synchro 

nized manner, or at a predefined time offset compared 
to another user terminal when more than one user 
terminal transmits the information. 

8. (canceled) 
9. The method of claim 1, further comprising: 
receiving the information at a base station; 
monitoring data Volume of ongoing end-to-end commu 

nication between at least two user terminals on the 
basis of the received information; and 

controlling the quality of service of end-to-end commu 
nication between the at least two user terminals on the 
basis of the received information. 

Mar. 30, 2017 

10. The method of claim 9, further comprising: 
redistributing radio resources of the mobile communica 

tion on the basis of the received information. 
11. The method of claim 9, further comprising: 
deciding on the basis of the received information whether 

to apply conventional radio communication via the 
base station, the direct communication between the at 
least two terminals, or both. 

12. The method of claim 9, further comprising: 
controlling the quality of service of the end-to-end com 

munication between the at least two user terminals by 
more than one base station; and 

communicating with at least one other base station in 
order to coordinate the quality of service of the end 
to-end communication between the at least two termi 
nals. 

13. The method of claim 9, further comprising: 
managing a virtual radio bearer database corresponding to 

the radio bearers applied in the direct communication 
between the at least two user terminals; and 

updating the virtual radio bearer database on the basis of 
the received information. 

14. The method of claim 9, further comprising: 
controlling re-transmissions of the direct communication 

link between the at least two user terminals such that 
the re-transmissions are performed through the conven 
tional radio communication link via the base station. 

15. An apparatus, comprising a processor configured to: 
apply uplink signaling in mobile communication, wherein 

the signaling comprises information determined by the 
apparatus as related to the traffic status of a direct 
communication link between at least two user terminals 
being the terminating points of the communication; and 

transmit the information in the uplink to a base station 
from at least one user terminal involved in the direct 
communication link thereby enabling the base station 
to control the quality of service of an end-to-end 
communication between the at least two user terminals 
based on the received information. 

16. The apparatus of claim 15, wherein the information is 
related to a packet data convergence protocol. 

17. The apparatus of claim 15, wherein the uplink sig 
naling is applied on a medium access control layer or on a 
radio resource control layer. 

18. The apparatus of claim 15, wherein the 
the transmitting is performed periodically, after a prede 

termined event, or on request. 
19. (canceled) 
20. (canceled) 
21. The apparatus of claim 15, wherein the interface is 

further configured to: 
transmit the information simultaneously with another user 

terminal in a synchronized manner, or at a predefined 
time offset compared to another user terminal when 
more than one user terminal transmits the information. 

22. (canceled) 
23. The apparatus of claim 15, further comprising an 

interface configured to: 
receive the information; and the processor is applicable to 

a base station and further configured to: 
monitor data Volume of ongoing end-to-end communica 

tion between at least two user terminals on the basis of 
the received information; and 
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control the quality of service of end-to-end communica 
tion between the at least two user terminals on the basis 
of the received information. 

24. The apparatus of claim 15, wherein the processor is 
applicable to a base station and is further configured to: 

redistribute radio resources of the mobile communication 
on the basis of the received information. 

25. The apparatus of claim 15, wherein the processor is 
applicable to a base station and is further configured to: 

decide on the basis of the received information whether to 
apply conventional radio communication via the base 
station or the direct communication between the at least 
two terminals or not. 

26. The apparatus of claim 15, wherein the processor is 
applicable to a base station and further configured to: 

control the quality of service of the communication 
between the at least two terminals by more than one 
base station; and 

communicate with at least one other base station in order 
to coordinate the quality of service of the end-to-end 
communication between the at least two terminals. 

27. The apparatus of claim 15, wherein the processor is 
applicable to a base station and further configured to: 
manage a virtual radio bearer database corresponding to 

the radio bearers applied in the direct communication 
between the at least two user terminals; and 
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update the virtual radio bearer database on the basis of the 
received information. 

28. The apparatus of claim 15, wherein the processor is 
applicable to a base station and further configured to: 

control re-transmissions of the direct communication link 
between the at least two user terminals such that the 
re-transmissions are performed through the conven 
tional radio communication link via the base station. 

29. (canceled) 
30. A computer program product embodied on a distri 

bution medium readable by a computer and comprising 
program instructions which, when loaded into an apparatus, 
execute a method, comprising: 

applying uplink signaling in mobile communication, 
wherein the signaling comprises information deter 
mined by a device as related to the traffic status of a 
direct communication link between at least two user 
terminals being the terminating points of the commu 
nication; and 

transmitting the information in the uplink to a base station 
from at least one user terminal involved in the direct 
communication link thereby enabling the base station 
to control the quality of service of an end-to-end 
communication between the at least two user terminals 
based on the received information. 

k k k k k 


