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SCHEDULING DATA TRANSMISSIONS FOR ERROR RECOVERY PROCESSES
ON AIR INTERFACE

FIELD

The invention relates to scheduling data transmissions for error re-
covery processes on an air interface, and particularly to data transmissions
between user equipment (UE) and a radio access node.

BACKGROUND

Wireless communication systems typically have error recovery
mechanisms in order to handle transmission errors over the wireless
transmission channel. Examples of conventional mechanisms for error
recovery and detection are: (a) forward error correction through channel coding
for correcting single bit errors and (b) Hybrid automatic repeat request (H-
ARQ), reusing already transmitted energy when doing the retransmission for
failed packets. In Long Term Evolution (LTE) communications system defined
by the 3™ Generation Partnership Project (3GPP), the HARQ mechanism is
typically implemented to include a number of parallel stop-and-wait (SAW)
HARQ channels to ensure continuous transmission on the air interface. LTE
support Frequency Division Duplex and Time Division Duplex communications
on the air-interface. For FDD 8 HARQ SAW processes are defined for each
link direction. For LTE Time Division Duplex (TDD), different TDD
configurations have different numbers of HARQ SAW processes.

In an LTE SAW HARQ process, once a packet from a eNB (evolved
NodeB) has been transmitted to the UE on Physical Downlink Shared Channel
(PDSCH), the UE will decode the packet and provide feedback to the eNB on
Physical Uplink Control Channel (PUCCH). In case of a negative
acknowledgement (NACK) message being received at the eNB, the eNB will
normally send a retranmission and the UE will combine the retransmission with
the original transmission and run decoding again. After the decoding is
successful the UE will send a positive acknowledgement (ACK) message to
the eNB. After receiving an ACK message, the eNB will send a new packet for
that HARQ process in case there is data available for the given UE, and
provided that the UE is selected for scheduling at this time instant. In a
traditional implementation, the minimum delay between the end of a packet
and the start of a retransmission is 7ms, which is 7 tranmission time intervals
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(TTIls), when one TTl is 1 ms sub-frame. The ACK/NACK tranmission follows
four TTlIs after the transmission TTI of the packet. Thus, processing time for
the packet at the UE is approximately 3ms and processing time for the
ACK/NACK and preparation for the tranmission of a new packet or a
retranismission is approximately 3ms. If these budgeted processing times are
exceeded, there are no more HARQ processes available for scheduling, and
transmission gaps will be experienced towards the UE in question. On the
other hand, the budgeted processing times do not adapt if the UE or the eNB
are capable of faster processing of the packets, which would allow
transmissions earlier than the budgeted processing times. In the case that the
eNB implements very fast processing of the ACK/NACK message, it is
possible for the eNB to decide to use fewer HARQ processes, leaving some
HARQ processes unused at the UE side. However, this is normally not the
case.

BRIEF DESCRIPTION

According to an aspect, there is provided the subject matter of the
independent claims. Embodiments are defined in the dependent claims.

One or more examples of implementations are set forth in more
detail in the accompanying drawings and the description below. Other features
will be apparent from the description and drawings, and from the claims.

Some embodiments allow adjusting the number error recovery
processes for the data transmissions between UE and radio access node.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 presents an example of a communications network accord-
ing to an embodiment;

Figure 2a illustrates an implementation of a radio access node hav-
ing remote radio heads according to an embodiment;

Figure 2b illustrates an implementation of a radio access node hav-
ing remote radio heads, local data processing units and a central data process-
ing unit according to an embodiment;

Figures 3 and 4 illustrate methods for adjusting the number of
HARQ processes according to embodiments;
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Figure 5 illustrates a method for conditionally adjusting the number
of HARQ processes according to an embodiment;

Figure 6 illustrates communications for adjusting the number of
HARQ processes according to an embodiment; and

Figure 7 illustrates a block diagram for an apparatus according to an
embodiment.

DETAILED DESCRIPTION

Figure 1 presents an example of a communications network 100 ac-
cording to an embodiment. The communications network may comprise a radio
access network formed by one or more radio access nodes 102, 104. The ra-
dio access nodes, for example evolved NodeBs (eNBs) or base stations, may
be capable of providing access to the network for one or more UE 106. In the
following the terms eNB and a radio access node are used interchangeably.
The radio access nodes and UE are connected wirelessly on an air interface
for communications of data and/or signaling. The air interface may include up-
link/or downlink communications on one or more communications channels.
An uplink communications refers to a direction of the transmission from the UE
to the eNB, and the downlink communications refers to a direction of the
transmission from the eNB to the UE.

The radio access nodes may have coverage areas, where wireless
communications between the UE and the radio access nodes is possible. The
coverage areas may be defined by a range of the wireless radio communica-
tions. The UE may be movable within and between the coverage areas of the
radio access nodes. Accordingly the communications network may be referred
to as a mobile communications network.

Each radio access node may have one or more cells, for example
ranging from 1 to 50 cells or more, that have resources for communications
with the UE on the air interface. The cells may have separate or overlapping or
partly overlapping coverage areas. Each cell may be identified by a cell identi-
fier for identifying the cell to the UE.

A resource may be a resource block that may be allocated for com-
munication on an air interface between UE and a radio access node. The re-
source block may be formed by a combination of one or more subcarriers and
a time interval. The subcarriers may be allocated to UE and a radio access
node in groups of subcarriers, for example in groups of 12 subcarriers. The
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subcarriers may have center frequencies with 15 kHz spacing. Accordingly a
group of 12 subcarriers may form a resource block of width 180 kHz. It should
be appreciated that the above details of subcarriers is given as a non-limiting
example and other configurations of the subcarriers may be used depending
on implementation of the air interface of the communications network. Also, it
should be appreciated that the principles covered here are independent of the
radio access technology in the sense that the principles are applicable to any
system that uses error recovery protocols for example based on hybrid auto-
matic repeat request (HARQ) with stop-and-wait (SAW) channels.

The subcarriers in a resource block may be according to a digital
multicarrier modulation method, for example Orthogonal Frequency Division
Multiplexing (OFDM) without limiting thereto. In time domain, the resource
block length may be defined by the symbol duration of the multicarrier modula-
tion that is used. In an example using OFDM, an OFDM symbol may have a
useful length of 0.0667 ms, a slot is constructed of 7 OFDM symbols each hav-
ing a cyclic prefix, thereby spanning a time duration of 0.5 ms. Furthermore, a
single resource block may be 0.5 ms in time and 180kHz in frequency. The
total bandwidth of the resource block may vary depending on the groups of
subcarriers in the resource block. For example 12 subcarriers may be the min-
imum and the maximum number of subcarriers may be defined by the availa-
ble system bandwidth, for example 20 MHz. Also a higher duration than the
duration of a single OFDM symbol, for example a duration of two or more
OFDM symbols, may be used for the resources block. The time duration of the
resource block may be defined in Transmission Time Intervals (TTIs) in syn-
chronous communications on the air interface such that 1 TTl = n x OFDM
symbol, where n= 1, 2, 3, 4...or any integer value. In LTE, 1 TTl = 14 OFDM
symbols for normal cyclic prefix configuration and 12 OFDM symbols for ex-
tended cyclic prefix operation, thus n = 14 or n = 12 for LTE networks and LTE-
Advanced networks.

A radio access node may include one or more schedulers 101, 103
for scheduling data transmissions on an air interface between the UE and the
radio access node. The radio access node may have one, two, or more cells
via which the UE may connect to the radio access node. Each cell may have
its own scheduler.

The radio access node and UE employ an error recovery mecha-
nism, for example HARQ, to data transmissions on the air interface. Although
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HARQ is used as an example of an error recovery mechanism, it should be
appreciated that also other mechanisms may be used in the present descrip-
tion. The error recovery mechanism may be employed in uplink data transmis-
sions and/or downlink data transmissions. The scheduler of the radio access
node may schedule the data transmissions on the air interface by the number
of parallel HARQ mechanisms for the data transmissions. A HARQ mechanism
that is operational may be referred to as a HARQ process. A HARQ process
may have associated memory resources and a specific identifier that may
identify data transmissions and the memory resources of the HARQ process.
The HARQ process may be operational as a hardware implementation, soft-
ware implementation or a combination of hardware and software. Preferably
the UE and the radio access node have a number of operational HARQ proc-
esses such that more than one data transmissions may be carried out in paral-
lel.

A Core Network (CN) 108 may be connected to the radio access
nodes. The CN may comprise a control entity 112 and a gateway entity 112 for
routing user traffic, managing subscription profiles of UE and managing service
connectivity. Examples of the control entity and the gateway entity in the CN
may comprise a Serving Gateway (SGW) and Mobility Management Entity
(MME). The CN may further comprise an Operation and Management system
(O&M -system) 110. The O&M —system provides management of the entities
of the communications network, for example. A packet data gateway (PGW)
114 may be provided for communications between the communications net-
work and external network.

In one example, the 3GPP Release 12 Specifications may be used
to implement the communications network illustrated in Figure 1. An overall
description of the E-UTRA may be referred to in 3GPP TS 36.300 V12.4.0
(2014-12), which may be referred to for purposes of implementing the commu-
nications network and/or an entity such as UE and eNBs, and/or a function
such as data transmission performed by the entity.

Figure 2a illustrates an implementation of a radio access node hav-
ing remote radio heads according to an embodiment. The remote radio heads
include radio transceivers that are remote to the rest of the radio access node,
for example data processing unit operating on baseband frequencies. The re-
mote radio heads support coverage extensions and/or Multiple Input Multiple
Output (MIMO) operation of the radio access node. The radio access node
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may include one or more remote radio heads 202a, 204a, 206a that are opera-
tively connected to a central data processing unit 208. The central data proc-
essing unit may be capable of operating as a scheduler of data transmissions
on an air interface between UE and the radio access node. The scheduler may
operate on baseband frequencies, whereas the remote radio heads convert
data transmissions between the baseband and radio frequencies. The sched-
uler may schedule one or more data blocks for transmission over the air inter-
face. The data blocks may comprise user data and/or signalling. The sched-
uled data blocks may be transferred from the scheduler to the remote radio
heads over a transport connection for transmission on the air interface by the
remote radio head. Similarly, the remote radio heads may receive one or more
data blocks. The received data blocks may be transferred to the scheduler via
the transport connection.

Figure 2b illustrates an implementation of a radio access node hav-
ing remote radio heads 202b, 204b, 206b, local data processing units 203,
205, 207 and a central data processing unit 210 according to an embodiment.
The remote radio heads include radio transceivers that are remote to the rest
of the radio access node, for example data processing unit operating on base-
band frequencies. The local data processing units may be at the remote radio
heads and remote form the central data processing unit.

The local data processing units and the central data processing unit
may be capable of operating as schedulers of data transmissions on an air
interface between UE and the radio access node. A scheduler may operate on
baseband frequencies, whereas the remote radio heads convert data trans-
missions between the baseband and radio frequencies. The schedulers may
schedule one or more data blocks for transmission over the air interface. Data
blocks scheduled by the central data processing unit may be transferred from
the central data processing unit to the remote radio heads over transport con-
nections for transmission on the air interface by the remote radio heads. The
data blocks may comprise user data and/or signalling.

At the remote radio heads the local data processing units may re-
ceive the data blocks from the central data processing unit and change the
scheduling of the data blocks. Accordingly, a scheduling decision of the data
block made by the central data processing unit may be overridden by the local
data processing unit at the remote radio head. The central data processing unit
provides that data processing resources of the scheduler are used efficiently
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since the central scheduler serves more than one radio access node, and will
also allow for coordination of radio resource utilization between the different
transmission points being controlled by the same central data processing unit.

On the other hand the use of local schedulers provide the possibility
to have faster response to local needs without consideration of neighbouring
nodes, for example radio access nodes, in the system. Preferably the local
data processing units, preferably all of the local data processing units, should
have data processing capabilities according to the worst case load scenario in
each cell, which might cause overprovisioning of resources when considering
the entire network layout.

However, the central data processing unit allows that the data proc-
essing capabilities of the local data processing units may be dimensioned to
meet a lower load than the load in the worst case load scenario, since the ex-
cess load in the local data processing units may be unloaded to the central
data processing unit. Accordingly, the central data processing unit provides
that the overprovisioning of resources may be avoided in the entire network
layout.

Referring to both Figures 2a and 2b, in an embodiment, the sched-
ulers 208, 210 may be connected to remote radio heads of more than one ra-
dio access node. Accordingly, the schedulers may serve one or more radio
access nodes.

Figures 3 and 4 illustrate methods for adjusting the number of
HARQ processes according to embodiments. The methods may be performed
by an apparatus in the communications network illustrated in Figure 1.

Figure 3 illustrates a method for adjusting the number of HARQ
processes in managing air interface resources in a communications network.
The method may be performed by an apparatus, for example a data process-
ing unit, a radio access node such as an eNB or a module of the radio access
node, or any other network node, that is responsible for the management of air
interface resources. It should be appreciated that the transmissions from the
eNB may be received by UE served by the eNB.

The method may start 302, when at least one radio access node of
the communications network is operational for connecting UE on an air inter-
face and the UE and the radio access node have been configured with a cur-
rent number of HARQ processes for data transmissions. The current number
of HARQ processes may be a default number or a previously adjusted number
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of HARQ processes.

Data transmissions are scheduled 304 for HARQ processes on an
air interface between UE and the radio access node. The scheduling may
comprise determining at least one air interface resource for the data transmis-
sion. An air interface resource may comprise a resource block for example.
The air interface resource may define a data transmission to UE at a specific
time instant, for example in a specific TTI. A control message may be transmit-
ted for indicating the data transmission and the scheduled air interface re-
source in uplink and/or downlink. The control message may include an identi-
fier, for example Cell Radio Network Temporary Identifier (C-RNTI), of the UE
and an identifier of the HARQ process. The identifier of the UE may identify the
UE within a specific radio access node. The control message may be for ex-
ample a Physical Downlink Control Channel (PDCCH).

A message including information indicating a new number of HARQ
processes for the data transmissions between the UE and the radio access
node is caused 306 to be transmitted over the air interface. The information
indicating a new number of HARQ processes may be transmitted as an effort
to improve efficiency of the scheduling of data transmissions. The efficiency of
the scheduling may be determined for example in terms of throughput, delay
and/or jitter of the transmitted data or of the transport network that the data
travels through. The new number of HARQ processes may indicate the num-
ber of HARQ processes per cell or per user equipment. The new number of
HARQ processes may be determined on the basis of UE capabilities and/or
channel quality information, for example. The message may be signalling on
an air interface of the UE. Examples of the message include a system informa-
tion message, a Radio Resource Control (RRC) message, a Medium Access
Control (MAC) message, or a link layer control message.

It should be appreciated that the message including information in-
dicating a new number of HARQ processes may be transmitted in connection
with scheduling of the data transmissions. Accordingly, it may be even prefer-
able to transmit the message including information indicating a new number of
HARQ processes prior to scheduling of the data transmission so as to ensure
that the receiver of the message, e.g. UE, may have a sufficient number of
HARQ processes of processing the data transmissions.

The method may end 308 after the message has been transmitted
and the receiver, e.g. UE, has been provided with information for allocating
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resources for processing the data transmission using HARQ.

Figure 4 illustrates a method for adjusting the number of HARQ
processes under management of air interface resources in a communications
network. The method may be performed by an apparatus, for example UE or
module of UE, that is capable of communicating on the air interface resources
that are managed by another apparatus, for example a radio access node. It
should be appreciated that the transmissions from the UE may be received by
aradio access node such as an eNB serving the UE.

The method may start 402, when at least one radio access node of
the communications network is operational for connecting the UE on an air
interface and as the UE and the radio access node have been configured with
a current number of HARQ processes for data transmissions. The current
number of HARQ processes may be a default number or a previously adjusted
number of HARQ processes.

Data transmissions are scheduled 404 for HARQ processes on an
air interface between UE and the radio access node. The scheduling may
comprise determining at least one air interface resource for the data transmis-
sion. The air interface resource may comprise a resource block for example.
The air interface resource may define a data transmission to UE at a specific
time instant, for example in a specific TTI. A control message may be received,
e.g. at the UE, for indicating a data transmission and a scheduled air interface
resource in uplink and/or downlink direction. The control message may include
an identifier, for example Cell Radio Network Temporary Identifier (C-RNTI), of
the UE and an identifier of the HARQ process. The identifier of the UE may
identify the UE within a specific radio access node. The control message may
be for example a Physical Downlink Control Channel (PDCCH).

A message including information indicating a new number of HARQ
processes for the data transmissions between the UE and the radio access
node may be obtained 406. The information indicating a new number of HARQ
processes may be obtained as an effort to improve efficiency of the scheduling
of data transmissions. The efficiency of the scheduling may be determined for
example in terms of throughput, delay and/or jitter of the transmitted data
which may be experienced in the transport network from the scheduler to the
transmitting node. The new number of HARQ processes may indicate the
number of HARQ processes per cell or per user equipment.

The message may be signalling on an air interface of the UE. Ex-
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amples of the message include a system information message, a Radio Re-
source Control (RRC) message, a Medium Access Control (MAC) message or
a link layer control message.

It should be appreciated that the message including information in-
dicating a new number of HARQ processes may be transmitted in connection
with scheduling of the data transmissions. Accordingly, it may be even prefer-
able to transmit the message including information indicating a new number of
HARQ processes prior to scheduling of the data transmission so as to ensure
that the receiver of the message, e.g. UE, may have a sufficient number of
HARQ processes of processing the data transmissions.

The new number of HARQ processes may be applied 408 to data
transmissions on the air interface. The new number of HARQ processes may
be used to configuring a memory for HARQ processes. The configuration of
the memory may define memory blocks associated with a specific HARQ, for
example. The HARQ and corresponding memory may be identified by a HARQ
identifier. The memory configuration is preferably maintained unchanged dur-
ing the time the UE is served by the eNB, since re-configuration of the memory
during the connection could lead to loss of data.

In an embodiment a HARQ process for a data transmission in a
transmission time interval may be identified as a function of a time varying
property of an element in synchronous communications on the air interface
and an identifier in a control message for scheduling the data transmission and
said control message associated to the element. The element may be a specif-
ic time slot or TTI that may form or be a part of a radio frame on an air inter-
face between UE and eNB. In one example the control message is a control
message for indicating a data transmission on the air interface in uplink and/or
downlink. The control message may include an identifier, for example Cell Ra-
dio Network Temporary Identifier (C-RNTI), of the UE and an identifier of the
HARQ process. The identifier of the UE may identify the UE within a specific
radio access node. The control message may be for example a Physical
Downlink Control Channel (PDCCH).Accordingly, the identifier of the HARQ
process in the control message may be replaced by separate identifier that
may correspond to the identifier of the HARQ process in a deterministic man-
ner as defined by the time varying property of an element, e.g. specific slot or
TTI, in synchronous communications.

Accordingly, each HARQ process may have a HARQ identifier that
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may be maintained at the UE and eNB. The signaling message for scheduling
data transmission transmitted on the air interface between the UE and eNB
may include another identifier and the HARQ identifier at the UE and eNB may
be derived from the identifier carried in the signaling message on the basis of
the time varying property of an element, e.g. a slot or TTI. In this way the value
range of the identifiers in the signaling message carried on the air interface
may be limited, while the number of HARQ processes may exceed the value
range of the value range of the identifiers in the signaling message.

Preferably the obtained 406 new number of HARQ processes is dif-
ferent than a current number of HARQ processes. In this way the efficiency of
the scheduling of data transmissions may be positively affected, when the new
number of HARQ processes is applied 408.

The method may end 410 after the number of HARQ processes
have been applied to the data transmissions on the basis of the obtained 406
information.

Figure 5 illustrates a method for conditionally adjusting the number
of HARQ processes according to an embodiment. The method may be per-
formed by a network node, UE or eNB, in connection with scheduling 502 of
data transmissions for HARQ processes on an air interface between UE and
the radio access node. The scheduling may be performed as described in the
methods of Figures 3 and 4, for example.

In an embodiment a condition may be included in a message includ-
ing information indicating a new number of HARQ processes for the data
transmissions between the UE and the radio access node. This message may
be the message in steps 306 and 406 in Figures 3 and 4 for example. The
number of HARQ processes may be indicated for a specific link direction, for
example uplink or downlink. The message may include the number of HARQ
processes for both uplink and/or downlink direction. It should be appreciated
the HARQ process identifier may be determined in each link direction in its
own way.

A condition for adjusting the number of HARQ processes may be
evaluated 504. The condition may be a value or a corresponding indicator for
throughput, delay, jitter and/or TTI. The conditions for throughput, delay and/or
jitter may serve determining an inefficient scheduling, e.g. transmission gaps
due to lack of available HARQ processes, or underutilization of the available
HARQ processes on the air interface. That is, for cases, where there are some



WO 2016/173637 PCT/EP2015/059262

10

15

20

25

30

35

12

HARQ processes that are never used for scheduling. The TTl may serve for
defining a specific starting TTI, from which onwards, the new number of HARQ
processes is applied.

When 504 the condition is met, the number of HARQ processes
may be adjusted 506 to correct inefficient scheduling of data transmissions
and/or to define a starting time for the adjustment of the number of HARQ
processes. The adjusting may be performed as described in steps 306, 406
and 408 for example.

In an embodiment a throughput, delay and/or jitter of a communica-
tion link for determining a need to adjust the number of HARQ processes may
be measured for evaluating 506 a condition for adjusting the number of HARQ
processes. The communication link may be a communication link between two
entities that communicate over an air interface. In one example the entities
may be UE and a radio access node such as an eNB. In another example the
entities may be two eNBs communicating to each other. In yet another exam-
ple the entities may be an eNB and a central data processing unit doing
scheduling for multiple transmission points, for example remote radio heads.
On the other hand the communication link may be considered between proto-
col entities, for example protocol entities of protocols used on the air interface
between the UE and eNB. Examples of the protocols on the air interface be-
tween UE and eNB include MAC protocol, RRC protocol, Packet Data Conver-
gence Protocol, Radio Link Control protocol and physical layer protocols. The
results of the measurements may be compared 504 with the values or indica-
tors of for the condition for adjusting the number of HARQ processes.

On the other hand, when 504 the condition is not met, the number
of HARQ processes may not be adjusted and the current number of HARQ
processes may be maintained, and the method may end 508.

Figure 6 illustrates communications for adjusting the number of
HARQ processes according to an embodiment. The communications may be
performed by network nodes or modules of network nodes of a communica-
tions network. Examples of the network nodes comprise a central data proc-
essing unit, UE and eNB in a communications network for example the com-
munications network illustrated in Figure 1.

A need to adjust the number of HARQ processes may be deter-
mined 602 in the eNB. The need may be determined on the basis of meas-
urements as described above in connection with Figure 5 step 504. On the
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other hand the need may arise from a new configuration to be applied in the
eNB, in which case measurements may not be needed. The configuration may
be defined by an O&M-system by an operator of the communications network.

A message 604 including information indicating a new number of
HARQ processes for the data transmissions between the UE and the radio
access node may be transmitted over the air interface from the eNB to the UE.

In an embodiment, the message 604 may be signalling on an air in-
terface of the UE. The message may be a system information message, a Ra-
dio Resource Control (RRC) message, a Medium Access Control (MAC) mes-
sage or a link layer control message. Examples of the system information
message may comprise a Master Information Block (MIB) that may be trans-
mitted on Physical Broadcast Channel (PBCH) and System Information Block
(SIB) that may be transmitted on Physical Downlink Shared Channel (PDSCH).
RRC messages may be used by RRC protocol for controlling the radio re-
source usage. RRC protocol may manage UE’s signalling data connections,
for example. Examples of link layer control messages comprise MAC PDUs
generated by a MAC protocol entity. The information indicating a new number
of HARQ processes may be included in a new or existing element in a MAC
PDU.

Figure 7 illustrates a block diagram for an apparatus 700 according
to an embodiment. The apparatus may be a UE, eNB or a data processing unit
such as a central data processing unit or a local data processing unit. The ap-
paratus may comprise a memory (M) 708 and processor (P) 702 that are elec-
trically connected. The electrical connection between the processor and the
memory may be implemented by an electrical conductor, for example a data
transfer bus or conductive material. The processor may read instructions
stored in the memory, execute the instructions and cause performing an em-
bodiment.

In an embodiment, the apparatus may include a memory configura-
tion including memory for a number of HARQ process for uplink data transmis-
sions and a number of number of HARQ process for downlink data transmis-
sions. The uplink and downlink HARQ processes may be configured with
memory according to the number of HARQ processes communicated in the
message as described in steps 306 and 406 in Figures 3 and 4.

Referring to Figure 7, in an embodiment, the at least one memory
708 and the instructions are configured to, with the at least one processor 702,
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cause the apparatus at least to perform scheduling data transmissions for
HARQ processes on an air interface between UE and a radio access node,
and causing to send a message including information indicating a new number
of HARQ processes for the data transmissions between the UE and the radio
access node. The apparatus may include an interface unit (IFU) 710 that may
be electrically connected to the processor. The electrical connection between
the processor and the IFU may be implemented similar to the connection be-
tween the M and the processor. The IFU may be capable of transmission
and/or reception of data and signalling. The data and signalling may be com-
municated using an applicable channel and protocol. Examples of the chan-
nels include a data communications bus and an air interface. Examples of the
protocols include data bus protocols and protocols on an air interface between
UE and eNB such as MAC protocol, RRC protocol, Packet Data Convergence
Protocol, Radio Link Control protocol and physical layer protocols.

The IFU 710 may be an internal unit to the apparatus. The appara-
tus may include a radio signal transmission and/or reception unit that may be
operatively connected to the radio signal transmission and/or reception unit to
cause a message including information indicating a new number of HARQ
processes to be sent.

On the other hand the IFU may be a radio signal transmission
and/or reception unit, whereby the processor may control the IFU to send a
message including information indicating a new number of HARQ processes.

Referring to Figure 7, in an embodiment, the at least one memory
708 and the instructions are configured to, with the at least one processor 702,
cause the apparatus at least to perform scheduling data transmissions for
HARQ processes on an air interface between UE and a radio access node,
obtaining a message including information indicating a new number of HARQ
processes for the data transmissions between the UE and the radio access
node, applying the new number of HARQ processes to data transmissions on
the air interface. The apparatus may include an interface unit (IFU) 710 that
may be electrically connected to the processor. The electrical connection be-
tween the processor and the IFU may be implemented similar to the connec-
tion between the M and the processor. The IFU may be capable of transmis-
sion and/or reception of data and signalling. The data and signalling may be
communicated using an applicable channel and protocol. Examples of the
channels include a data communications bus and an air interface. Examples of
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the protocols include data bus protocols and protocols on an air interface be-
tween UE and eNB such as MAC protocol, RRC protocol, Packet Data Con-
vergence Protocol, Radio Link Control protocol and physical layer protocols.

The IFU 710 may be an internal unit to the apparatus. The appara-
tus may include a radio signal transmission and/or reception unit that may be
operatively connected to the radio signal transmission and/or reception unit to
cause a message including information indicating a new number of HARQ
processes to be sent. The IFU may be capable of transmission and/or recep-
tion of data and messages.

On the other hand the IFU may be a radio signal transmission
and/or reception unit, whereby the processor may control the IFU to receive a
message including information indicating a new number of HARQ processes.

According to an embodiment, an apparatus such as a network node,
eNB or UE, or a part of the apparatus, for example a data processing unit or a
module, may comprise processing means configured to carry out any of the
embodiments of Figures 2a, 2b, 3, 4, 5 and 6. The processing means may be
formed by the at least one processor 702 and the memory 708. The
processing means may be a computer or a part of a computer.

In an embodiment there is provided a computer program comprising
computer program code for execution on a computer to cause a method
according to an embodiment, when said product is run on a computer. The
computer program may be embodied on a computer —readable storage
medium.

In an embodiment there is provided a computer program product for
a computer, comprising a computer program according to an embodiment.

An embodiment concerns a computer program embodied on a com-
puter —readable storage medium, the computer program comprising program
to execute a process comprising a method according an embodiment.

Embodiments as described may also be carried out in the form of a
computer process defined by a computer program. The computer program
may be in source code form, object code form, or in some intermediate form,
and it may be stored in some sort of carrier, which may be any entity or device
capable of carrying the program. For example, the computer program may be
stored on a computer —readable storage medium. The computer —readable
storage medium may be a computer program distribution medium readable by
a computer or a processor. The computer —readable storage medium may be,
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for example but not limited to, a record medium, computer memory, read-only
memory, electrical carrier signal, telecommunications signal, and software
distribution package, for example.

The various embodiments may be applied to communications
networks and communications systems, where data may be transmitted
between devices such as UE or a terminal and the network infrastructure such
as a radio access node or a data processing unit. The techniques described
herein may be implemented by various means so that an apparatus
implementing one or more functions of data processing unit, eNB or UE
described with an embodiment comprises not only prior art means, but also
means for implementing the one or more functions of a corresponding
apparatus described with an embodiment and it may comprise separate means
for each separate function, or means may be configured to perform two or
more functions. For example, these techniques may be implemented in
hardware (one or more apparatuses), firmware (one or more apparatuses),
software (one or more modules), or combinations thereof. A hardware
implementation may be through one or more circuits, for example Application
Specific Circuits (ASICs). For a firmware or software, implementation can be
through modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in any suitable,
processor/computer-readable data storage medium(s) or memory unit(s) or
article(s) of manufacture and executed by one or more processors/computers.
The data storage medium or the memory unit may be implemented within the
processor/computer or external to the processor/computer, in which case it can
be communicatively coupled to the processor/computer via various means as
is known in the art.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A method comprising:

scheduling data transmissions for error recovery processes on an
air interface between user equipment and a radio access node; and

causing to send a message including information indicating a new
number of error recovery processes for the data transmissions between the
user equipment and the radio access node.

2. A method according to claim 1, comprising:

measuring at least one of a throughput, delay and jitter of a commu-
nication link for determining a need to adjust the number of error recovery
processes.

3. A method according to claim 2, comprising:

determining a need to adjust the number of error recovery proc-
esses, when results of at least one of the measurements indicate inefficient
scheduling of data transmissions on the air interface.

4. A method comprising:

scheduling data transmissions for error recovery processes on an
air interface between user equipment and a radio access node;

obtaining a message including information indicating a new number
of error recovery processes for the data transmissions between the user
equipment and the radio access node;

applying the new number of error recovery processes to data
transmissions on the air interface.

5. A method according to any one of claims 1 to 4, wherein the new
number of error recovery processes indicates the number of error recovery
processes per cell or per user equipment.

6. A method according of any one of the preceding claims, wherein
the message includes information indicating a condition for applying the new
number of error recovery processes.
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7. A method according to claim 6, wherein the condition is a trans-
mission time interval in synchronous communications on the air interface.

8. A method according to any one of the preceding claims, wherein
the message is signaling, for example a system information message, Radio
Resource Control message or a Medium Access Control message.

9. A method according to any one of the preceding claims, wherein
an error recovery process for data transmission in a transmission time interval
is identified as a function of a time varying property of an element in synchro-
nous communications and an identifier in a control message for scheduling a
data transmission and said control message associated to the element.

10. An apparatus comprising at least one processor, and

at least one memory for storing instructions to be executed by the
processor, wherein

the at least one memory and the instructions are configured to, with
the at least one processor, cause the apparatus at least to cause a method
according to any one of claims 1 to 3and 5to 9.

11. An apparatus according to claim 10, wherein the apparatus is a
radio access node, a data processing unit or a module of a radio access node.

12. An apparatus according to claim 11, wherein the radio access
node comprises one or more remote radio heads operatively connected to a
central data processing unit.

13. An apparatus comprising at least one processor, and

at least one memory for storing instructions to be executed by the
processor, wherein

the at least one memory and the instructions are configured to, with
the at least one processor, cause the apparatus at least to cause a method
according to any one of claims 4 to 9.

14. An apparatus according to claim 13, wherein the apparatus is
user equipment or a module of user equipment.
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15. A communications network comprising an apparatus according
to claim 10 operatively connected to a plurality of remote radio heads for
scheduling data transmissions between the remote radio heads and user
equipment.

16. A communications network according to claim 15, wherein the
communications network comprises a local scheduler and a central scheduler
for scheduling data transmissions in error recovery processes on an air inter-
face between user equipment and a radio access node, wherein scheduling

10 decisions of the local scheduler override the scheduling decisions of the re-
mote scheduler.

17. A computer program comprising computer program code for

execution on a computer to cause a method according to any one of claims 1
15 10 9, when said computer program code is run on a computer.

18. A computer program product for a computer, comprising a
computer program according to claim 17.

20
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