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FIRST NETWORK NODE, WIRELESS DEVICE, AND METHODS THEREIN,
FOR HANDLING A REQUEST FOR ACCESS IN A WIRELESS
COMMUNICATIONS NETWORK

TECHNICAL FIELD

The present disclosure relates generally to a first network node and methods therein
for handling a request for access from a wireless device. The present disclosure also
relates generally to a wireless device and methods therein for receiving a response from
the first network node to the request for access. The present disclosure further relates
generally to a second radio node and methods therein for obtaining a first indication from
the communication device. Embodiments herein further relate to computer programs and
computer-readable storage mediums, having stored thereon the computer programs to
carry out these methods.

BACKGROUND

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

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

The cellular communications network covers a geographical area which is divided
into cell areas, wherein each cell area being served by an access node such as a Base
Station (BS), e.g. a Radio Base Station (RBS), which sometimes may be referred to as
e.g. “eNB”, “eNodeB”, “NodeB”, “B node”, or BTS (Base Transceiver Station), depending
on the technology and terminology used. The base stations may be of different classes

SUBSTITUTE SHEET (Rule 26)
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such as e.g. macro eNodeB, home eNodeB or pico base station, based on transmission
power and thereby also cell size. A cell is the geographical area where radio coverage is
provided by the base station at a base station site. One base station, situated on the base
station site, may serve one or several cells. Further, each base station may support one or
several communication technologies. The base stations communicate over the air
interface operating on radio frequencies with the wireless devices within range of the base
stations. In the context of this disclosure, the expression Downlink (DL) is used for the
transmission path from the base station to the mobile station. The expression Uplink (UL)
is used for the transmission path in the opposite direction i.e. from the mobile station to
the base station.

In 3" Generation Partnership Project (3GPP) Long Term Evolution (LTE), base
stations, which may be referred to as Evolved Nodes B (eNodeBs) or even eNBs, may be
directly connected to one or more core networks.

3GPP LTE radio access standard has been written in order to support high bitrates
and low latency both for uplink and downlink traffic. All data transmission is in LTE
controlled by the radio base station.

During initial access, a wireless device may seek access to the network in order to
register and commence services. The Random Access (RA) may serve as an UL control
procedure to enable the wireless device to access the network. Since the initial access
attempt may not be scheduled by the network, the RA procedure is by definition
contention based. That is, more than one wireless device may random access within a
single radio resource, to synchronize with and/or access to the network. Yet, typically the
network may only grant an access to only one of the wireless devices at a time, as the
same resource is used. Since RA takes place before the network may know of the
presence of the wireless devices, the network may not allocate dedicated resources, but a
shared access resource may be assigned to all wireless devices to use for RA. Collisions
may occur if two wireless devices use the resource at the same time and an appropriate
contention-resolution scheme may need to be implemented. Including user data on the
contention-based UL may not be spectrally efficient due to the need for guard periods and
retransmissions. Therefore, it has been decided to separate the transmission of the
random access burst, preamble, whose purpose is to obtain uplink synchronization, from
the transmission of user data.

The basic RA Procedure is a four-phase procedure as outlined in Figure 1. Figure 1
is a schematic diagram of the RA procedure described in e.g., 3GPP TS 36.321 Medium

Access Control (MAC) protocol specification. At 1, the wireless device, a UE, in the
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example represented in the figure, sends a Random Access Preamble, to a network node,
an eNB in the example depicted in the figure. The Random Access Preamble may be
understood as a sequence from the set of sequences available in the cell. For instance,
the preamble selection may be a shift in the Zadoff-Chu code for the cell. This
transmission may carry or not carry any data bits. In case of LTE, there is no data
transmitted within the RA. At 2, the eNB responds by sending a Random Access
Response (RAR). After receiving the RAR, the UE sends a Radio Resource Control
(RRC) Connection Request to the eNB, which at 4, responds by sending RRC Connection

Setup message.

In one of the possible Random Access Channel (RACH) implementations for 5G
systems, such as that described in W02012/039650, RACH is not assumed to be “node
specific’ and several nodes may use the same RACH configuration. The RACH
configuration may be understood as the timing of RACH, preamble format etc. In LTE, the
RACH Configuration is in SIB2, as described e.g., in 3GPP 36.331. This means that a
random access request transmitted from one wireless device may be received by several
nodes. Small cell deployment scenarios may be affected more easily by this, as more
than one cell may hear the wireless device. A small cell deployment may be understood
as a set of network nodes with lower output power than wide area covering nodes. Small
cells may be usually deployed to enhance the capacity in hotspots and indoor areas.
They may also be used to extend the coverage e.g., by means of relaying. In case of
small cell deployments, it may be more likely to have multiple cells that may decode the
uplink transmission e.g., random access attempt, from a wireless device, since in small
cell deployments, there may be more cells in the vicinity of a wireless device due to the
densification. Thus, the amount of system information may be reduced and efficient small
cell sleep and Discontinuous Transmission (DTX) may be provided. For example, if a
group of cells uses the same configuration, not all may have to broadcast the same
configuration information, one cell may inform for other cells, while the other cells may
sleep. Similarly if many cells have the same configuration, if one is at sleep, others may
hear the RA of the UE. Small cells, or in this case small nodes, may not need to be active
if there is no traffic under them. The only reason why they may need to be active may be
in order to grant access to new users. But, if that is taken care by umbrella “cells”, then
the small cells or nodes may be in an efficient sleep until the umbrella cells may make
them wake up to take care of incoming users. In addition, RAR may be assumed to be

self-contained, carrying its own radio signals, e.g. pilot and sync, that may be used by the
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network to provide synchronization and/or points of reference, such as power levels, to
the terminals, and in some cases vice versa, and sent independently by the network
nodes.

When non-node-specific RACH is deployed, the UE may receive multiple random
access responses if the random access attempt is successfully received by more than one
radio network node, as shown in the schematic diagram of Figure 2, which illustrates non
node-specific RACH. In the particular example depicted in this figure, the UE receives a
RAR (RAR1) from one network node and another RAR (RAR2) from another network
node. The problem then arises of which node the wireless device should connect to, the
so called multiple RAR resolution.

In existing methods, multiple RAR resolution has been proposed to be handled
either based on “inter node coordination” on the network side or “contention resolution” on
the UE side. However, either approach has its own drawbacks. In case of network
coordination for RAR contention resolution, network signalling overhead may increase.
Furthermore, backhaul limitations may be a notable challenge, especially for certain
applications, due to latency and capacity. In case of UE processing for the RAR selection,
then the drawbacks may be the energy-consumption, due to processing, on the UE side
and less network traffic steering control, meaning that the network may not be able to
decide which network node a UE should attach to first.

Yet another problem in existing methods is that transmitting more RAR messages

than necessary causes additional interference which degrades performance.

SUMMARY
It is an object of embodiments herein to improve the handling of a request for
access from a wireless device by a network node. It is a further object of embodiments

herein to improve the procedure of accessing the network by a wireless device.

According to a first aspect of embodiments herein, the object is achieved by a
method performed by a first network node. The method is for handling a request for
access from a wireless device. The wireless device and the first network node operate in
a wireless communications network. The first network node receives a first message from
the wireless device comprising a request for access. The first network node determines a
delay for sending a second message to the wireless device in response to the received

first message. The first network node then sends the second message to the wireless



10

15

20

25

30

WO 2017/082777 PCT/SE2015/051184

device using said determined delay. The second message comprises a response to the
request for access.

According to a second aspect of embodiments herein, the object is achieved by a
method performed by the wireless device. The method is for receiving the response from
the first network node to the request for access. The wireless device and the first network
node operate in the wireless communications network. The wireless device obtains a first
indication associated to the delay used by the first network node for sending the response
to the request for access. The wireless device receives, from the first network node, the
second message comprising the response to the request for access comprised in the first
message sent by the wireless device. The receiving is based on the delay.

According to a third aspect of embodiments herein, the object is achieved by a first
network node configured to handle a request for access from a wireless device. The first
network node is configured to operate in a wireless communications network. The first
network node is further configured to receive a first message from the wireless device
comprising a request for access. The first network node is also configured to determine a
delay for sending a second message to the wireless device in response to the received
first message. The first network node is further configured to send the second message
to the wireless device using said determined delay. The second message comprises a
response to the request for access.

According to a fourth aspect of embodiments herein, the object is achieved by a
wireless device configured to receive a response from the first network node to the
request for access. The wireless device is configured to operate in the wireless
communications network. The wireless device is further configured to obtain a first
indication associated to the delay configured to be used by the first network node for
sending a response to a request for access. The wireless device is also configured to
receive, from the first network node, the second message comprising the response to the
request for access comprised in the first message configured to be sent by the wireless
device. To receive is based on the delay.

According to a fifth aspect of embodiments herein, the object is achieved by a
computer program, comprising instructions which, when executed on at least one
processor, cause the at least one processor to carry out the method performed by the first
network node.

According to a sixth aspect of embodiments herein, the object is achieved by a

computer-readable storage medium, having stored thereon the computer program,
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comprising instructions which, when executed on at least one processor, cause the at
least one processor to carry out the method performed by first the network node.

According to a seventh aspect of embodiments herein, the object is achieved by a
computer program, comprising instructions which, when executed on at least one
processor, cause the at least one processor to carry out the method performed by the
wireless device.

According to an eighth aspect of embodiments herein, the object is achieved by a
computer-readable storage medium, having stored thereon the computer program,
comprising instructions which, when executed on at least one processor, cause the at
least one processor to carry out the method performed by the wireless device.

By the first network node determining the delay for sending the response to the
request for access from the wireless device, and sending the response using the
determined delay, the network node is able to steer the initial access of the wireless
device towards a specific network node, either itself or another network node. The
signalling overhead associated with the network coordination is reduced or removed on
both the network node and the wireless device. Therefore, both benefit from the proactive
conflict resolution. The wireless device processing and energy-consumption may be
lowered. In consequence, the overall capacity of the wireless communications network is
increased, and the latency reduced, increasing the efficiency of the communications within

the wireless communications network.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of embodiments herein are described in more detail with reference to the
accompanying drawings, in which:

Figure 1 is a schematic diagram illustrating a random access procedure in case of
initial access, according to existing methods.

Figure 2 is a schematic diagram illustrating non node-specific RACH, according to
existing methods.

Figure 3 is a schematic diagram illustrating a wireless communications network,
according to some embodiments.

Figure 4 is a schematic diagram illustrating embodiments of a method in a first
network node, according to some embodiments.

Figure 5 is a schematic diagram illustrating embodiments of a method in a wireless

device, according to some embodiments.
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Figure 6 is a schematic diagram illustrating embodiments of a method in a wireless
communications network, according to some embodiments.

Figure 7 is a schematic diagram illustrating embodiments of a method in a wireless
communications network, according to some embodiments.

Figure 8 is a schematic diagram illustrating embodiments of a method in a wireless
communications network, according to some embodiments.

Figure 9 is a block diagram illustrating embodiments of a first network node,
according to some embodiments.

Figure 10 is a block diagram illustrating embodiments of a wireless device,

according to some embodiments.

DETAILED DESCRIPTION

Embodiments will now be described more fully hereinafter with reference to the
accompanying drawings, in which examples of the claimed subject matter are shown.
The claimed subject matter may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the claimed subject matter to those skilled in the art. It should
also be noted that these embodiments are not mutually exclusive. Components from one

embodiment may be tacitly assumed to be present/used in another embodiment.

Figure 3 depicts a wireless communications network 100, sometimes also
referred to as a cellular radio system, cellular network or wireless communications
system, in which embodiments herein may be implemented. The wireless communications
network 100 may for example be a network such as a Long-Term Evolution (LTE), e.qg.
LTE Frequency Division Duplex (FDD), LTE Time Division Duplex (TDD), LTE Half-
Duplex Frequency Division Duplex (HD-FDD), LTE operating in an unlicensed band,
Wideband Code Division Multiple Access (WCDMA), Universal Terrestrial Radio Access
(UTRA) TDD, Global System for Mobile communications (GSM) network, GSM/Enhanced
Data Rate for GSM Evolution (EDGE) Radio Access Network (GERAN) network, Ultra-
Mobile Broadband (UMB), EDGE network, network comprising of any combination of
Radio Access Technologies (RATSs) such as e.g. Multi-Standard Radio (MSR) base
stations, multi-RAT base stations etc., any 3rd Generation Partnership Project (3GPP)

cellular network, WiFi networks, Worldwide Interoperability for Microwave Access
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(WiMax), 5G system or any cellular network or system. Thus, although terminology from
3GPP LTE may be used in this disclosure to exemplify embodiments herein, this should
not be seen as limiting the scope of the embodiments herein to only the aforementioned

system.

The wireless communications network 100 comprises a first network node 111 and
a second network node 112. Each of the first network node 111 and the second
network node 112 may be a base station such as e.g. an eNB, eNodeB, or a Home Node
B, a Home eNode B, femto Base Station, BS, or any other network unit capable to serve a
wireless device or a machine type communication device in the wireless communications
network 100. Each of the first network node 111 and the second network node 112 may
be e.g. macro eNodeB, or pico base station, based on transmission power and thereby
also cell size. In some particular embodiments, any of the first network node 111 and the
second network node 112 may be a stationary relay node or a mobile relay node. The
wireless communications network 100 covers a geographical area which may be divided
into cells, wherein each cell is served by a network node, although, one network node
may serve one or several cells. In the example depicted in Figure 3, the first network
node 111 serves a first cell 121 and the second network node 112 serves a second cell
122. Typically, the wireless communications network 100 may comprise more cells
similar to the first cell 121 and the second cell 122, served by their respective network
nodes. This is not depicted in Figure 3 for the sake of simplicity. Each of the first network
node 111 and the second network node 112 may support one or several communication

technologies, and its name may depend on the technology and terminology used.

A number of wireless devices are located in the wireless communications network
100. In the example scenario of Figure 3, only one wireless device is shown. The wireless
device 130 is a wireless communication device such as a UE which is also known as e.g.
mobile terminal, wireless terminal and/or mobile station, a mobile telephone, cellular
telephone, or laptop with wireless capability, just to mention some further examples. The
wireless device 130 may be, for example, portable, pocket-storable, hand-held, computer-
comprised, or vehicle-mounted mobile devices, enabled to communicate voice and/or
data, via the RAN, with another entity, such as a server, a laptop, a Personal Digital
Assistant (PDA), or a tablet computer, sometimes referred to as a surf plate with wireless
capability, Machine-to-Machine (M2M) devices, devices equipped with a wireless

interface, such as a printer or a file storage device, modems, or any other radio network
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unit capable of communicating over a radio link in a cellular communications system. The
wireless device 130 is wireless, i.e., it is enabled to communicate wirelessly in the
wireless communication network 100. The communication may be performed e.g.,
between two devices, between a device and a regular telephone and/or between a device
and a server. The communication may be performed e.g., via a RAN and possibly one or

more core networks, comprised within the wireless communications network 100.

The wireless devices 130 may communicate within the wireless communications
network 100 with the first network node 111 over a first radio link 141, and with the
second network node 112 over a second radio link 142. The first network node 111 may
communicate with the second network node 112 over a third link 143, which may be a

radio link or a wired link.

Embodiments of a method performed by the first network node 111 for handling a
request for access from the wireless device 130, will now be described with reference to
the flowchart depicted depicted in Figure 4. The wireless device 130 and the first network
node 111 operate in the wireless communications network 100.

The method may comprise the following actions, which actions may as well be

carried out in another suitable order than that described below.

Action 400

Embodiments herein may be understood as relating to the problem that arises when
more than one network node, in this case, the first network node 111 and the second
network node 112, receives a first message from same wireless device 130, the first
message comprising a request for access. Since the wireless device 130 may only
access one network node at a time, the question may arise as to which network node the
wireless device 130 may access.

According to embodiments herein, as will be described below in Action 402, at least
part of the access request conflict resolution may be performed on the transmitter side,
that is, on the side of the first network node 111 by means of determining a delay for the
transmission of a second message comprising a response to the first message comprising
the request for access from the wireless device 130. The delay as determined in Action
402 may be referred to herein as the “determined delay”, that is, the delay to be

determined in Action 402.
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In some embodiments, in this action, the first network node 111 may send to the
wireless device 130, at least one of a first indication associated to the determined delay
and a second indication associated to the determined delay. The first indication may
comprise an indication of a maximum delay by the first network node 111 to send the
second message. The second indication may comprise an indication of a maximum delay
by the wireless device 130 to send a third message to the first network node 111 in
response to the second message.

Any of the indications described herein may be understood to refer to e.g., a number
representing a quantitative value or a code representing a qualitative value. The units and
characteristics of each of the indications described herein may be understood to vary
depending on the information that is being indicated, as may be understood by one of skill
in the art. For example here, the first or second indications may be expressed as a
number of ps.

By the first network node 111 sending the first indication to the wireless device 130,
the wireless device 130 may be enabled to determine when it may not expect to receive a
second message from the first network node 111. The wireless device 130 may then
assume that the RA attempt failed, or that the first network node 111 may be able to
respond to it, or perhaps no other network node within the area receiving the first
indication may be able to respond to it. The wireless device 130 may therefore be
enabled to opt to send a new first message comprising a new request for access to the
first network node 111, or may opt to send a response to the fifth message received from
the second network node 112.

By the first network node 111 sending the second indication to the wireless device
130, the wireless device 130 may be enabled to determine when it may no longer delay
sending a third message to the first network node 111 in response to the second message
received from the first network node 111, if the wireless device 130 wants to connect to
the wireless communications network 100 through it. Otherwise, the first network node
111 may assume that the second message did not reach the wireless device 130, or that
the wireless device 130 responded to another network node, unless the first network node
111 already detected that the wireless device 130 had responded to second network node
112.

This Action 400 may be implemented by the first network node 111 broadcasting
system information, e.g., via the first radio link 141, informing the wireless device 130 in

advance on the maximal preconfigured delay, also referred to herein as maximal
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preconfigured backoff time, that is, the maximum RAR response time of the first network
node 111.

This action is optional.

Action 401

When the wireless device 130 may want to access the wireless communications
network 100, the wireless device 130 may do so by trying to access the first network node
111. Therefore, in this Action, the first network node 111 receives a first message from
the wireless device 130 comprising a request for access, e.g., via the first radio link 141.
A request for access may be understood as a request for access to resources in order for
the wireless device 130 to send or receive data with the first network node 111, and/or a
request for uplink synchronization, e.g., for estimating the timing advance for OFDM
communication in the uplink. The first message may also be referred to herein as
“‘Message 1”. For example, in LTE, Action 401 may be implemented by receiving a

Random Access Preamble, as described in relation to Figure 1.

Action 402

In this action, the first network node 111 determines a delay for sending a second
message to the wireless device 130 in response to the received first message. A delay
may also be understood as a reply time, a RAR response time or a backoff time. This
Action may be implemented by the first network node 111 calculating itself or generating
the delay, or by the first network node 111 obtaining or receiving the delay or a measure
that may be used for calculating delay from another network node in the wireless
communications network 100. For example, in some embodiments, the first network node
111 may be implemented as a distributed node, and this Action may be implemented
through a Cloud service in the another node.

In some embodiments, the first network node 111 may determine the delay for
sending the second message to the wireless device 130 by generating a delay based on a
preconfigured delay timer. The preconfigured delay timer may be, for example, a table
that provides the determined delay, based on one or more input values, e.g., a condition
of a channel, a load, etc..., as described below. The preconfigured delay timer may also
be a fixed value per cell, e.g., the first cell 121. The preconfigured delay timer may also
be referred to herein as preconfigured backoff timer.

The arbitrary nomenclature first message, second message, third message, fourth

message and sixth message, is used herein. It will be understood that this nomenclature
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is used to refer to different types of messages, e.g., requests or responses, and the nodes
they are exchanged, from one network node to the wireless device and vice versa. That
is, it will be understood that this nomenclature is used to distinguish among different
messages exchanged between the wireless device 130 and the first network node 111
and/or the second network node 112, and it does not imply any particular order of
occurrence of these messages, or their actual occurrence. For example, the second
message from the first network node 111 to the wireless device 130 may be distinguished
from another second message, e.g., another Message 2, from the second network node
112 to the wireless device 112 which may be referred to herein as a fifth message.
However, it should be understood that the reference to a fifth message does not
necessarily imply the occurrence of a fourth message and/or a third message and/or a
second message.

The determining 402 may be based on a number of factors. In some embodiments,
the determining 402 may be based on a condition of a radio channel between the first
network node 111 and the wireless device 130. The radio channel may be understood
herein as the medium where the data or control information may be physically conveyed
in time, frequency, and code domains. The condition of the radio channel may be based
on e.g., Reference Signal Received Power (RSRP), Reference Signal Received Quality
(RSRQ), Signal-to-Noise Ratio (SNR), Signal-to-Noise-plus-Interference Ratio (SINR)
etc... For example, in a particular example, the delay may be determined in inverse
proportion to the received condition of the radio channel. When the condition of the radio
channel is used as the criterion to determine the delay, farther nodes may have a larger
delay for those links farther away or with the worst condition of the radio channel. In this
case, if another random access attempt with a same RACH resource is detected during
the delay, the wireless device that is closer may be prioritized for the channel access,
even though its attempt may have been received later with respect to the farther wireless
device.

The determining 402 may be based on a load in the first cell 121 served by the first
network node 111 and/or on a load in the first network node 111, such as a relative load
with respect to the load in the first network node 111 and the load of neighboring
cells/nodes. The load in a cell, e.g., the first cell 121, may be understood herein as e.g.,
radio resources, such as RRM resources, and maximum interference tolerated. The load
in a network node, e.g., the first network node 111 may be understood herein as being
related to a hardware limitation in the network node, e.g., Central Processing Unit (CPU)

load or capacity of the trunk exchanges.
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In a particular example, the delay may be determined in direct proportion to the load.
When the load is used as the delay criterion, this may mean that overloaded nodes may
have a larger reply time or delay. This delay may also be used by the first network node
111 in order to have more processing time to deal with the wireless devices that may be
trying to access the first network node 111 when it is overloaded, but that the overloaded
first network node 111 may not want to accept. For instance, data resources may be
allocated, e.g., by traffic steering other wireless devices, or generated, e.g., activating
another antenna or requesting additional resource from another network node.

The embodiments wherein the determining 402 may be based on the condition of
the radio channel or the load in the first cell 121 and/or in the first network node 111, may
be combined. In either of these embodiments, the RAR collision/contention may be
avoided on the wireless device 130 side, since the wireless device 130 may simply reply
to the network node the wireless device 130 receives the first RAR from. In addition, the
load balancing and/or coverage optimization, e.g., for the uplink, may be provided. Load
balancing may be understood as referring to the fact that the network load may be
balanced proactively, e.g., network nodes with low load may grant the access earlier than
other network nodes with higher load.

In some embodiments, the determining 402 may be based randomly, that is, on a
random determination. In such embodiments, the second message, e.g., Message 2 or
RAR, may be sent with a delay by each network node that may have received the first
message as in the previous embodiments. Yet, the delay may be randomly generated
without taking the received condition of the radio channel and/or load into account. Also
thanks to these embodiments, the wireless device 130 may be allowed to not need to
have the RAR contention resolution on its side. The wireless device 130 may send a third
message in response, e.g. Message 3 or L2/L.3 message, to the network node, whichever
the wireless device 130 receives the first RAR from.

This may be particularly applicable to the context of a small cell deployment,
wherein the second message, e.g., Message 2 or RAR, may be sent by each small cell
with a random delay timer. The wireless device 130 may send a third message in
response, e.g. Message 3 or L2/L3 message, to, whichever small cell in the deployment
the wireless device 130 receives the first RAR from or it may take into account other
factors, as described below in relation to Action 506.

In some embodiments, the determining 402 may be based on one or more
capabilities of the wireless device 130. A capability of the wireless device 130 may be

understood herein as antenna or processing capacities, e.g. feature support, beamforming
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capabilities, data rate, interference cancellation, etc.... For example, , with beamforming,
there may be a limitation of how many beams or the type of beams that may be produced
and this may be used to rank accesses depending on e.g., what type of device the
wireless device 130 that is trying to access the network may be.

In some situations the first network node 111 may determine that the delay is
indefinite, because it may choose to not send any RAR at all, e.g. if it is highly likely that
the wireless device 130 may be better served by another node in the wireless
communications network 100. By determining that the delay is indefinite and not sending
an unnecessary RAR, the interference level and resource utilization may be reduced
slightly. As an example of this, in some embodiments, the determining 402 may also, or
alternatively, be based on a number of first messages received from the wireless device
130. In such embodiments, the first network node 111 may make use of a counter that
counts the number of attempts that may be done in the physical channel for RA, e.g.,
Physical Random Access CHannel (PRACH), attempts that may be likely to come from
the same wireless device 130. The first network node 111 may detect multiple PRACH
transmissions from the same wireless device 130 in different ways. For example, the
wireless device 130 may use the same PRACH preambles for N successive attempts,
e.g., N = 2. Alternatively, if the wireless device 130 sends a PRACH and does not receive
any answer from the first network node 111, it may try again using slightly higher
transmission power and a different pre-amble. In case several PRACH transmissions are
received at the first network node 111 from the same angle of arrival and with the same
delay using gradually increased power, then the first network node 111 may assume that
these PRACH transmissions are likely originating from the same wireless device 130. In
case the first network node 111 may determine that the wireless device 130 may be better
served by another network node such as the second network node 112, e.g., based on
any of the following in the respective network nodes: uplink interference, received power,
load, backhaul capabilities, beamforming capabilities, etc..., then it may choose not to
respond at all to a particular RAR. That is, the delay may be determined to be indefinite.
However if the same wireless device 130 tries to access the system, the first network
node 111 may decide to send a RAR after N attempts, which may be taken into account
when determining the delay.

In another example, the amount of unnecessary RAR transmissions may also be
reduced in case the first network node 111 sends a RAR-transmission indication to its
neighbors, such as the second network node 112. This kind of coordination may be much

slower since there may be no need for neighboring network nodes to agree on which
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network node will be the one sending the RAR in advance. A network node with a good
set of parameters, such as load, signal quality, etc... may send the RAR with a short
delay, while network nodes with a poorer set of parameters may send the RAR somewhat
later in most cases. If a RAR transmission indication is sent from the radio network node
that answers first, then chances are high that other radio network nodes may receive this
message before they have transmitted their RAR, and in that case they may cancel that
transmission. The first network node 111 may also decide to cancel a RAR transmission
in case it detects a RAR transmission from a neighboring base station, such as the
second network node 112, that is likely to be directed towards the wireless device 130 that
recently sent a PRACH. According to this, in some embodiments, the determining 402
may be based on a detected second second message, e.g., another Message 2, also
referred to herein as fifth message, from the second network node 112 granting the
request for access to the second cell 122 served by the second network node 112. In
case of TDD, this may not require any additional receiver chain in the first network node
111, allowing a hardware of lower cost.

In a different variation of this last example, the first network node 111 may also
detect a transmission of a third message, e.g., a Message 3, from the wireless device 130
to another node. This third message, which is not directed to the first network node 111,
but to e.g., the second network node 112, may also be referred to herein as a sixth
message or a second third message. The first network node 111 may then decide to
cancel the RAR based on an assumption that the wireless device 130 is already being
served by another node. The cancelation may also consider the difference in power or
spatial properties between the detected sixth message and the preamble of the first
message. Using the properties of the two transmissions, it may be possible for the first
network node 111 to detect if it was the same wireless device 130 transmitting the
preamble in the first message and the sixth message, e.g., the same Message 3.
Neighbor network nodes such as the first network node 111 the second network node
112, using slow coordination, e.g., by the first network node 111 sending the fourth
message to the second network node 112, may notify each other where they most often
schedule their third message and sixth message, respectively, after receiving a given
preamble index identifying preamble properties. According to this, in some embodiments,
the determining 402 may also or alternatively be based on a detected sixth message, also
referred to herein as second third message, e.g., another Message 3, sent by the wireless
device 130 to the second network node 112 that has granted the request for access to the

second cell 122 served by the second network node 112 to the wireless device 130.
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In some embodiments, one or more of the foregoing factors may be combined. In a
particular example, the delay may be determined based on a delay timer range. That is, a
range of delay timer values. The delay timer range may itself based on at least one of
received condition of the radio channel or a load in the first cell 121 served by the first
network node 111 and/or on a load in the first network node 111, yet the actual delay or
back off time may be randomly generated, that is, not fixed, under the given delay range.

As a summary of the foregoing, in some embodiments, the determining 402 may be
based on at least one of. a) the condition of a radio channel between the first network
node 111 and the wireless device 130; b) the load in the first cell 121 served by the first
network node 111; ¢) the load in the first network node 111, d) a random determination; )
the one or more capabilities of the wireless device 130; f) the number of first messages
received from the wireless device 130; g) the detected fifth message from the second
network node 112 granting the request for access to the second cell 122 served by the
second network node 112, and h) the detected sixth message sent by the wireless device
130 to the second network node 112 that has granted the request for access to the
second cell 122 served by the second network node 112 to the wireless device 130.

It should also be considered that as another example of this Action 402, the first
network node 111 may determine the delay for sending the second message to the
wireless device 130 by setting a certain priority in the scheduler of the first network node
111, such as setting a lower priority for a second message that is to be delayed. In other
words, in these cases, the first network node 111 may not cancel or explicitly delay the
RAR. The RAR may be delayed if the load is high, while at low load the RAR may be sent

without additional delay.

Action 403

In this action, the first network node 111 sends the second message to the wireless
device 130 using said determined delay, the second message comprising a response to
the request for access. The second message may be a Message 2 or RAR sent via the
first radio link 141. The response to the request for access may provide the wireless
device 130 with e.g., a resource allocation, an identity for further communication, or timing
information so the wireless device 130 may compensate for the distance from the first
network node 111.1t should be noted that, if the first network node 111 determines in
Action 402 that the delay should be indefinite, then the first network node 111, based on

this determination, may not send the second message to the wireless device 130.



10

15

20

25

30

35

WO 2017/082777 PCT/SE2015/051184
17

Action 404

In this Action, the first network node 111 may receive a third message from the
wireless device 130, to the first network node 111, in response to the second message. A
response to the second message may be a request by the wireless device 130 to e.g.,
establish a connection to the network, it may also contain payload data, a buffer status
indication or other control information. In for example, LTE, this Action 404 may be
implemented by receiving, an RRC Connection Request from the wireless device 130, via
the first radio link 141. This Action 404 may be performed, for example, if the first network
node 111 has been the first to send a second message to the wireless device 130 and the
wireless device 130 has sent a third message to the first network node 111 in response.

This action is optional, since for example, the wireless device 130 may have decided
to respond instead to the second network node 112, if the wireless device 130 receives
first the fifth message from the second network node 112, because e.g., the second

network node 112 is closer to the wireless device 130.

Action 405

As explained earlier, in some embodiments, the amount of unnecessary
transmissions of second messages, e.g., RARs, may also be reduced by the first network
node 111 sending an indication to its neighbors, such as the second network node 112, of
having sent the second message. This kind of coordination may not require the
neighboring network nodes to agree which network node will be the one sending the RAR
in advance. In order to allow for this coordination, in this action, the first network node 111
may send a fourth message to the second network node 112, the fourth message
comprising a third indication that the second message has been sent by the first network
node 111 to the wireless device 130. This Action may be implemented by sending for
example, an inter-node message, X2 message, or an X2 Application Protocol (X2AP)
message to the second network node 112, via the third link 143. Here, the third indication
may be for example in the form of a load management message.

This action is optional.

In some embodiments, the first network node 111 may also send other indications to
the wireless device 130. These indications may be referred to herein as fourth indications
to distinguish them from the indications mentioned previously. First indication, second

indication, third indication and fourth indications are arbitrarily used to distinguish among
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the different types of indications, but they do not have an additive numerical value. That
is, e.g., the one or more fourth indications does not imply that the first, second and third
indications have necessarily been sent. By the first network node 111 sending the one
or more fourth indications, the wireless device 130, may use these indications to
determine whether to respond to the second message from the first network node 111
right away, or whether to wait, e.g., if the quality of the first radio link 141 is very poor.
Hence, in some embodiments, the second message may comprise one or more fourth
indications for at least one of the following. One fourth indication may be of the condition
of a radio channel between the first network node 111 and the wireless device 130, that is,
of the first radio link 141. This may be for example, a measurement of PRACH received
power. Another fourth indication may be of the load in a first cell 121 served by the first
network node 111, so that if the traffic in the first cell 121 is very high, the wireless device
130 may be enabled to decide to opt to send a third message to a network node serving a
cell with lower load. Here, the fourth indication may be for example in the form of a value
of an index from a pre-defined table as part of an RRC message.

Yet another fourth indication may be of the load in the first network node 111. Here,
the fourth indication may be for example in the form of a value of an index from a pre-
defined table as part of an RRC message or a high-medium-low value coded in some bits
of the MAC frame.

A further fourth indication may be of a capability of the first network node 111, such
as beamforming, a backhaul capability. A capability of the first network node 111 may be
understood herein as a feature of the first network node 111 that may allow it to support
one or more functions. As explained earlier, depending of the own capabilities of the
wireless device 130, it may prefer certain network capabilities as well, that may match the
best with its own. Here, the fourth indication may be for example in the same form of the
first indication.

Another fourth indication may be the second indication when it is the indication of
the maximum delay by the wireless device 130 to send the third message to the first
network node 111 in response to the second message. The wireless device 130 may

then use this indication as explained earlier.

Embodiments of a method performed by the wireless device 130 for receiving the

response from the first network node 111 to the request for access, will now be described
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with reference to the flowchart depicted in Figure 5. As stated earlier, the wireless device
130 and the first network node 111 operate in the wireless communications network 100.
The detailed description of some of the following corresponds to the same
references provided above, in relation to the actions described for the first network node
111, and will thus not be repeated here.
The method may comprise the following actions, which actions may as well be

carried out in another suitable order than that described below.

Action 501

In this action, the wireless device 130 obtains the first indication associated to the
delay used by the first network node 111 for sending the response to the request for
access. The wireless device 130 may obtain the first indication as a result of Action 400,
by receiving e.g. system information broadcasted by the first network node 111. The
wireless device 130 may alternatively obtain the first indication based on preconfigured
information. The wireless device 130 may then be enabled to use the first indication as
explained earlier in relation to Action 400. For example, the first indication may comprise
the indication of the maximum delay by the first network node 111 to send the second
message.

In this Action 501, the wireless device 130 may also obtain the second indication
associated to the delay used by the first network node 111 for sending the response to the
request for access. Similarly to the first indication, the wireless device 130 may obtain the
second indication as a result of Action 400, by receiving e.g. system information
broadcasted by the first network node 111. The wireless device 130 may then be enabled
to use the second indication as explained earlier in relation to Action 400. The second
indication may comprise the indication of the maximum delay by the wireless device 130
to send the third message to the first network node 111 in response to the second

message.

Action 502

When for example the wireless device 130 may detect the first cell 121, the wireless
device 130 may send an access request to the first network node 111. Therefore, in this
Action, the wireless device 130 may send the first message to the first network node 111,

the first message comprising the request for access.
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Action 503

In this action, the wireless device 130 may receive from the first network node 111,
e.g. via the first radio link 141, the second message comprising the response to the
request for access comprised in the first message sent by the wireless device 130. The
receiving in this Action 503 is based on the delay, since the moment in time when the
wireless device 130 may receive the second message will be delayed at least as much as

the sending of the second message by the first network node 111 was delayed.

Action 504

In this action, the wireless device 130 may send, to the first network node 111, e.g.
via the first radio link 141, the third message in response to the second message. This
Action 504 may be performed if the first network node 111 has been the first to send a
second message to the wireless device 130, for example, and the wireless device 130
may determine to send the third message to the first network node 111 in response.

In some embodiments wherein the wireless device 130 may have obtained the
second indication, the sending of the third message may be delayed based on the
obtained second indication. For example, using the information provided by the one or
more fourth indications comprised in the received second message from the first network
node 111, e.g. additional measurements such as, RSRP, the wireless device 130 may
decide if it may answer to the second message from the first network node 111 right
away, or if it may wait a while, as long as the maximum delay by the wireless device 130
has not expired, to send the third message to the first network node 111, and hopefully
receive another second message, e.g., RAR message, from another node, e.g., the
second network node 112, that may be better suited for the wireless device 130. For
example, the second network node 112 may have a lower load, or superior capabilities
than the first network node 111. That is, the wireless device 130 may determine, based
on the delay and the first indication, whether to send a response to the second message
from the first network node (111) or not.

Action 504 is optional.

Action 505

In some embodiments, the wireless device 130 may receive, from the second
network node 112, e.g., via the second radio link 142, the fifth message granting the
request for access to the second cell 122 served by the second network node 112. As

mentioned earlier, the fifth message is just used as nomenclature to distinguish the
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second message type, e.g., Message 2, sent by the second network node 112 from the
second message type sent by the first network node 111. This Action 505 may be
performed when the second network node 112 has also received a first message from the
wireless device 130 with a request for access.

In some embodiments, the receiving 505, from the second network node 112, the
fifth message granting the request for access to the second cell 122, may be based on the
delay. For example, if the delay used by the first network node 111 for sending its second
message in response to the request for access from the wireless device 130 is very short,
because e.g., the load in the first cell 121 is very low, then the first network node 111 may
have reported to the second network node 112 the sending of its second message to the
wireless device 130, and the second network node 112 may no longer respond to the

second first message from the wireless device 130.

Action 506

In some embodiments, wherein the wireless device 130 may receive the fifth
message from the second network node 112, the fifth message may comprise one or
more fifth indications. The one or more fifth indications are equivalent to the one or more
fourth indications, but in respect to the second network node 112. That is, the one or
more fifth indications may be for at least one of the following. One fifth indication may be
of the condition of a radio channel between the second network node 112 and the
wireless device 130, that is, of the second radio link 142. Another fifth indication may be
of the load in the second cell 122 served by the second network node 112. Yet another
fifth indication may be of the load in the second network node 112. A further fifth
indication may be of a capability of the second network node 112.

In some embodiments, wherein the wireless device 130 may receive the fifth
message from the second network node 112, in this action, the wireless device 130 may
determine, whether to send one of: i) the third message to the first network node 111 in
response to the second message, or ii) the sixth message to the second network node
112 in response to the fifth message. The determining whether to send the third message
or the sixth message may be based on at least one of the following: a) the one or more
fourth indications comprised in the received second message from the first network node
111, b) the one or more fifth indications comprised in the received fifth message from the
second network node 112, and ¢) a time of receipt of the second message and/or a time
of receipt of the fifth message. Using the information provided by the one or more fourth

indications and/or the one or more fifth indications, e.g. additional measurements, the
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wireless device 130 may decide if it may answer to the second message from the first
network node 111 or the fifth message from the second network node 112.

In case the received second message from the first network node 111 does not
contain such one or more fourth indications, or the fifth message from the second network
node 112 does not comprise the one or more fifth indications, then this Action 506 may
not be performed. This action is optional.

According to this Action, the wireless device 130 may also determine which network
node to send a response to, by taking into consideration the timing of receipt of each of
the second message and the fifth message, or at least one of them. For example, the
wireless device 130 may send a response to the network node from which it first received
a response to its first message. In some embodiments, the wireless device may
determine to respond to the network node that answers to the first message first, and
ignore any response from the other node. For example, the wireless device 130 may
determine to send the third message to the first network node 111, and it may then
determine to ignore the received fifth message from the second network node 112, and

not respond to it.

Figure 6 is a schematic diagram illustrating a non-limiting example of a first group of
embodiments herein, wherein the first network node 111 determines the delay for sending
the second message to the wireless device 130 based on the condition of the radio
channel between the first network node 111 and the wireless device 130. In this example,
the wireless device 130 is a UE, which has already obtained the first indication associated
to the delay used by the first network node 111 for sending the response to the request for
access from the wireless device 130, according to Action 501. Action 501 is not
represented in the figure. In the example of Figure 6, the first network node 111 is
represented as Node 1 and it has high RSRP and/or low load, and the second network
node 112 is represented as Node 2, and it has low RSRP and/or high load. In Action 501,
the wireless device 130 sends the first message to the first network node 111 comprising
the request for access, which is received by the first network node 111 in Action 401. The
wireless device 130 also sends a second first message to the second network node 112.
In Action 402, the first network node 111 determines the delay for sending the second
message to the wireless device 130 by generating a random delay further based on at
least one of the RSRP and the load. The delay is represented in the Figure as a backoff

time. The random delay is based on a preconfigured delay timer, which is configured in
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inverse proportion to the received condition of the radio channel, e.g., RSRP, RSRQ,
SNR, SINR etc... and/or in direct proportion to the load. The second network node 112
performs a similar action, independently. At 403, the first network node 111, which has a
better condition of the radio channel than the second network node 112, sends the second
message to the wireless device 130 using said determined delay first. The second
message is received by the wireless device 130 at 503. At 504, the wireless device 130
sends the third message to the first network node 111, represented as an L2/L3 message.
The third message is received by the first network node 111 at 404. At 505, the the
wireless device 130 receives, with longer delay, the fifth message granting the request for
access to the second cell 122 from the second network node 112, if not used for another
UE. But at 506, the wireless device 130 decides to ignore the fifth message, or RAR2
from the second network node 112, based the one or more fourth indications received
from the first network node 111 reporting that the first network node 111 has good

conditions of the radio channel, high RSRP and/or low load.

Figure 7 is a schematic diagram illustrating a non-limiting example of a second
group of embodiments herein, wherein the first network node 111 determines the delay for
sending the second message to the wireless device 130 randomly. In this example, the
RSRP or load of each of the first network node 111 and the second network node 112 is
not considered. The description Figure 7 is otherwise equivalent to that of Figure 6. In
this particular example, the first network node 111 has randomly determined a shorter
delay to respond to the request for access from the wireless device 130 than the second
network node 112, and therefore it sends the second message to the wireless device 130

faster than the second network node 112.

Figure 8 is a schematic diagram illustrating a non-limiting example of a third group
of embodiments herein, wherein the first network node 111 determines the delay for
sending the second message to the wireless device 130 as based on a combination of the
condition of the radio channel between the first network node 111 and the wireless device
130, and a random determination, based on a range of values which are determined
based on the condition of the radio channel. The description Figure 8 is otherwise
equivalent to that of Figure 6 and 7. The first network node 111 here determines the
delay for sending the second message to the wireless device 130 by generating a delay

range or backoff time range instead of a single value. Yet, within this range, the actual
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delay to send the second message may be randomly determined without taking the
received condition of the radio channel and/or load into account. In this particular
example, the first network node 111 has determined a shorter delay to respond to the
request for access from the wireless device 130 than the second network node 112, and
therefore it sends the second message to the wireless device 130 faster than the second
network node 112.

An advantage of embodiments herein is that both the first network node 111 and the
wireless device 130 may benefit from the proactive conflict resolution. A conflict may arise
when the wireless device may receive multiple responses to a request for access, and
may not comply with all. According to embodiments herein, for instance, the signalling
overhead associated with the need for coordination among the network nodes receiving
an access request from the wireless device 130 may be reduced or removed, and yet the
first network node 111 may be able to steer the initial access of the wireless device 130
towards a specific network node. On the wireless device 130 side, the processing, and the

energy-consumption associated with it, may be lowered.

To summarize the foregoing in other words, with some examples, embodiments
herein relate to a Proactive Random Access Response (RAR) conflict resolution.
Embodiments herein may therefore relate to performing at least part of the RAR conflict
resolution on the transmitter side by means of delaying a RAR transmission in
dependence of PRACH measurements and/or radio network node load and/or radio
network node capabilities. Particular embodiments herein may relate to an approach to
deal with one of the potential problems in the concept of non-node-specific RACH,
particularly RAR conflict as part of non-node-specific RACH concept. The RAR conflict
may be understood herein as the problem that arises when more than one network node
receives a request for access from a same wireless device, and responds to the request,
since the wireless device may only access one network node at a time. It may be difficult
for wireless device to process, decode, or handle multiple responses to the request for
access. Embodiments herein provide a proactive RAR conflict resolution mechanism.

On the side of the first network node 111, the provided method may comprise: a)
Detecting one or more first messages, e.g., random access attempts, b) Sending the
second message, e.g., message 2 or RAR, where transmission parameters of the second
message, e.g. delay, power, response probability, etc, and/or procedure, e.g., providing

optional response information to neighboring nodes and/or including optional
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measurements in the RAR message, etc, may be derived in dependence on at least one
of a received signal condition, that is, the condition of the radio channel, and a radio
network node load, that is the load in the first cell 121 served and/or on the load in the first
network node 111, and c) Receiving the third message, e.g., message 3, or L2/L3
message.

On side of the wireless device 130, the provided method may comprise: a) Sending
a first message, e.g., a random access preamble, b) Receiving the second message, e.g.,
a message 2 or RAR transmission, ¢) Deciding to send the third message, e.g., message
3, the L2/L3 message, in response to said RAR transmission, d) In case the second
message may contain additional measurements such as PRACH received power and/or
eNodeB load and/or eNodeB beamforming capabilities, the wireless device 130 may use
the additional measurements to decide if the wireless device 130 may answer to this
second message right away, or wait a while and hopefully receive another RAR message
from another node, d) In case the second message does not contain such additional
measurements then this step may be removed, e€) Sending the third message, e.g.,
message 3, the L2/L3 message, or restarting with a new first message, e.g., a new

random access preamble.

To perform the method actions described above in relation to Figures 4 and 6-8, the
first network node 111 is configured to handle the request for access from the wireless
device 130. The first network node 111 comprises the following arrangement depicted in
Figure 9. As already mentioned, the first network node 111 is configured to operate in the
wireless communications network 100.

The detailed description of some of the following corresponds to the same
references provided above, in relation to the actions described for the first network node

111, and will thus not be repeated here.

The first network node 111 is further configured to, e.g., by means of a receiving
module 901 configured to, receive the first message from the wireless device 130
comprising the request for access.

The receiving module 901 may be a processor 904 of the first network node 111.

In some embodiments, the first network node 111 may be further configured to, e.g.,
by means of the receiving module 901 configured to, receive the third message from the

wireless device 130 in response to the second message.
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The first network node 111 is further configured to, e.g., by means of a determining
module 902 configured to, determine the delay for sending the second message to the
wireless device 130 in response to the received first message.

The determining module 902 may be the processor 904 of the first network node
111.

In some embodiments, to determine may be configured to be based on at least one
of. a) the condition of the radio channel between the first network node 111 and the
wireless device 130, b) the load in the first cell 121 configured to be served by the first
network node 111, ¢) the load in the first network node 111, d) the random determination,
e) the one or more capabilities of the wireless device 130, f) the number of first messages
configured to be received from the wireless device 130, g) the detected fifth message from
the second network node 112 granting the request for access to the second cell 122
configured to be served by the second network node 112, and h) the detected sixth
message configured to be sent by the wireless device 130 to the second network node
112 that has granted the request for access to the second cell 122 configured to be

served by the second network node 112 to the wireless device 130.

The first network node 111 is further configured to, e.g., by means of a sending
module 903 configured to, send the second message to the wireless device 130 using
said determined delay, the second message comprising the response to the request for
access.

The sending module 903 may be the processor 904 of the first network node 111.

In some embodiments, the first network node 111 may be further configured to, e.g.,
by means of the sending module 903 configured to, send, to the wireless device 130, at
least one of the first indication associated to the determined delay and the second
indication associated to the determined delay.

In some embodiments, the first indication may comprise the indication of the
maximum delay by the first network node 111 to send the second message. In some
embodiments, the second indication comprises the indication of the maximum delay by
the wireless device 130 to send the third message to the first network node 111 in
response to the second message.

The first network node 111 may be further configured to, e.g., by means of the
sending module 903 configured to, send the fourth message to the second network node
112, the fourth message comprising the third indication that the second message has

been sent by the first network node 111 to the wireless device 130.
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In some embodiments, the second message comprises the one or more fourth
indications for at least one of: a) the condition of the radio channel between the first
network node 111 and the wireless device 130, b) the load in the first cell 121 configured
to be served by the first network node 111, ¢) the load in the first network node 111, d) the
capability of the first network node 111, and e) the indication of the maximum delay by the
wireless device 130 to send the third message to the first network node 111 in response

to the second message.

The embodiments herein to handle the request for access from the wireless device
130 may be implemented through one or more processors, such as the processor 904 in
the first network node 111 depicted in Figure 9, together with computer program code for
performing the functions and actions of the embodiments herein. The program code
mentioned above may also be provided as a computer program product, for instance in
the form of a data carrier carrying computer program code for performing the
embodiments herein when being loaded into the in the first network node 111. One such
carrier may be in the form of a CD ROM disc. It is however feasible with other data
carriers such as a memory stick. The computer program code may furthermore be
provided as pure program code on a server and downloaded to the first network node
111. The computer program code may also be provided as a service from the cloud. As
indicated above, the processor 904 may comprise one or more circuits, which may also be
referred to as one or more modules in some embodiments, each configured to perform the
actions carried out by the first network node 111, as described above in reference to
Figure 9, e.g., the receiving module 901, the determining module 902 and the sending
module 903. Hence, in some embodiments, the receiving module 901, the determining
module 902 and the sending module 903 described above may be implemented as one or
more applications running on one or more processors such as the processor 904. That is,
the methods according to the embodiments described herein for the first network node
111 may be respectively implemented by means of a computer program product,
comprising instructions, i.e., software code portions, which, when executed on at least one
processor, cause the at least one processor to carry out the actions described herein, as
performed by the first network node 111. The computer program product may be stored
on a computer-readable storage medium. The computer-readable storage medium,

having stored thereon the computer program, may comprise instructions which, when
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executed on at least one processor, cause the at least one processor to carry out the
actions described herein, as performed by the first network node 111. In some
embodiments, the computer-readable storage medium may be a non-transitory computer-
readable storage medium, such as a CD ROM disc, a memory stick, or stored in the cloud
space. In other embodiments, the computer program product may be stored on a carrier
containing the computer program, wherein the carrier is one of an electronic signal, optical

signal, radio signal, or the computer-readable storage medium, as described above.

The first network node 111 may further comprise a memory 905 comprising one or
more memory units. The memory 905 may be arranged to be used to store obtained
information, such as the information received by the processor 904, store data
configurations, scheduling, and applications etc. to perform the methods herein when
being executed in the first network node 111. Memory 905 may be in communication with
the processor 904. Any of the other information processed by the processor 904 may also

be stored in the memory 905.

In some embodiments, information e.g., from the wireless device 130 or the second
network node 112, may be received through a receiving port 906. The receiving port
906 may be in communication with the processor 904. The receiving port 906 may also

be configured to receive other information.

The processor 904 may be further configured to send messages, e.g., to the
wireless device 130 or the second network node 112, through a sending port 907, which

may be in communication with the processor 904, and the memory 905.

Those skilled in the art will also appreciate that the any module within the first
network node 111, e.g., the receiving module 901, the determining module 902 and the
sending module 903 described above, may refer to a combination of analog and digital
circuits, and/or one or more processors configured with software and/or firmware, e.qg.
stored in the memory, that when executed by the one or more processors such as the
processor 904, perform actions as described above, in relation to Figures 4 and 6-8. One
or more of these processors, as well as the other digital hardware, may be included in a
single application-specific integrated circuitry (ASIC), or several processors and various
digital hardware may be distributed among several separate components, whether

individually packaged or assembled into a system-on-a-chip (SoC).
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To perform the method actions described above in relation to Figures 5, and 6-8, the
wireless device 130 is configured to receive the response from the first network node 111
to the request for access. The wireless device 130 comprises the following arrangement
depicted in Figure 10. As already mentioned, the wireless device 130 is configured to
operate in the wireless communications network 100.

The detailed description of some of the following corresponds to the same
references provided above, in relation to the actions described for the wireless device

130, and will thus not be repeated here.

The wireless device 130 is further configured to, e.g., by means of an obtaining
module 1001 configured to, obtain the first indication associated to the delay configured
to be used by the first network node 111 for sending the response to the request for
access.

The obtaining module 1001 may be a processor 1005 of the wireless device 130.

In some embodiments, the first indication comprises the indication of the maximum
delay by the first network node 111 to send the second message.

In some embodiments, the wireless device 130 may be further configured to, e.g.,
by means of the obtaining module 1001 configured to, obtain the second indication
associated to the delay configured to be used by the first network node 111 for sending
the response to the request for access, wherein the second indication comprises the
indication of the maximum delay by the wireless device 130 to send the third message to
the first network node 111 in response to the second message.

In some of these embodiments, the first indication comprises the indication of the

maximum delay by the first network node 111 to send the second message.

The wireless device 130 is further configured to, e.g., by means of a receiving
module 1002 configured to, receive, from the first network node 111, the second
message comprising the response to the request for access comprised in the first
message configured to be sent by the wireless device 130, to receive being based on the
delay.

The receiving module 1002 may be the processor 1005 of the wireless device 130.

In some embodiments, the wireless device 130 may be further configured to, e.g.,

by means of the receiving module 1002 configured to, receive, from the second network
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node 112, the fifth message granting the request for access to a second cell 122
configured to be served by the second network node 112.
In some embodiments, to receive, from the second network node 112, the fifth

message granting the request for access to the second cell 122, is based on the delay.

The wireless device 130 may be further configured to, e.g., by means of a sending
module 1003 configured to, send the first message to the first network node 111.

The sending module 1003 may be the processor 1005 of the wireless device 130.

In some embodiments, the wireless device 130 may be further configured to, e.g.,
by means of the sending module 1003 configured to, send, to the first network node 111,
the third message in response to the second message, wherein to send the third message
may be configured to be delayed based on the second indication configured to be
obtained.

In some of these embodiments, the first indication comprises the indication of the

maximum delay by the first network node 111 to send the second message.

The wireless device 130 may be further configured to, e.g., by means of a
determining module 1004 configured to, determine, whether to send one of: i) the third
message to the first network node 111 in response to the second message, or ii) the sixth
message to the second network node 112 in response to the fifth message, to determine
whether to send the third message or the sixth message being based on at least one of
the following: a) the one or more fourth indications comprised in the second message
configured to be received from the first network node 111, b) the one or more fifth
indications comprised in the fifth message configured to be received from the second
network node 112, and ¢) the time of receipt of the second message and/or the time of
receipt of the fifth message.

The determining module 1004 may be the processor 1005 of the wireless device
130.

In some of these embodiments, to receive, from the second network node 112, the
fifth message granting the request for access to the second cell 122, is based on the

delay.

The embodiments herein for the actions performed by the wireless device 130 may

be implemented through one or more processors, such as the processor 1005 in the
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wireless device 130 depicted in Figure 10, together with computer program code for
performing the functions and actions of the embodiments herein. The program code
mentioned above may also be provided as a computer program product, for instance in
the form of a data carrier carrying computer program code for performing the
embodiments herein when being loaded into the in the wireless device 130. One such
carrier may be in the form of a CD ROM disc. It is however feasible with other data
carriers such as a memory stick. The computer program code may furthermore be
provided as pure program code on a server and downloaded to the wireless device 130.
The computer program code may also be provided as a service from the cloud. As
indicated above, the processor 1005 may comprise one or more circuits, which may also
be referred to as one or more modules in some embodiments, each configured to perform
the actions carried out by the wireless device 130, as described above in reference to
Figure 10, e.g., the obtaining module 1001, the receiving module 1002, the sending
module 1003 and the determining module 1004. Hence, in some embodiments, the
obtaining module 1001, the receiving module 1002, the sending module 1003 and the
determining module 1004 described above may be implemented as one or more
applications running on one or more processors such as the processor 1005. That s, the
methods according to the embodiments described herein for the wireless device 130 may
be respectively implemented by means of a computer program product, comprising
instructions, i.e., software code portions, which, when executed on at least one processor,
cause the at least one processor to carry out the actions described herein, as performed
by the wireless device 130. The computer program product may be stored on a
computer-readable storage medium. The computer-readable storage medium, having
stored thereon the computer program, may comprise instructions which, when executed
on at least one processor, cause the at least one processor to carry out the actions
described herein, as performed by the wireless device 130. In some embodiments, the
computer-readable storage medium may be a non-transitory computer-readable storage
medium, such as a CD ROM disc, a memory stick, or stored in the cloud space. In other
embodiments, the computer program product may be stored on a carrier containing the
computer program, wherein the carrier is one of an electronic signal, optical signal, radio

signal, or the computer-readable storage medium, as described above.

The wireless device 130 may further comprise a memory 1006 comprising one or
more memory units. The memory 1006 may be arranged to be used to store obtained

information, such as the information received by the processor 1005, store data
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configurations, scheduling, and applications etc. to perform the methods herein when
being executed in the wireless device 130. Memory 1006 may be in communication with
the processor 1005. Any of the other information processed by the processor 1005 may

also be stored in the memory 1006.

In some embodiments, information e.g., from the first network node 111 or the
second network node 112, may be received through a receiving port 1007. The
receiving port 1007 may be in communication with the processor 1005. The receiving port

1007 may also be configured to receive other information.

The processor 1005 may be further configured to send messages, e.g., to the first
network node 111 or the second network node 112, through a sending port 1008, which

may be in communication with the processor 1005, and the memory 1006.

Those skilled in the art will also appreciate that the any module within the wireless
device 130, e.g., the obtaining module 1001, the receiving module 1002, the sending
module 1003 and the determining module 1004 described above, may refer to a
combination of analog and digital circuits, and/or one or more processors configured with
software and/or firmware, e.g. stored in the memory, that when executed by the one or
more processors such as the processor 1005, perform actions as described above, in
relation to Figures 5-8. One or more of these processors, as well as the other digital
hardware, may be included in a single application-specific integrated circuitry (ASIC), or
several processors and various digital hardware may be distributed among several
separate components, whether individually packaged or assembled into a system-on-a-
chip (SoC).

When using the word "comprise" or “comprising” it shall be interpreted as non-

limiting, i.e. meaning "consist at least of".

The embodiments herein are not limited to the above described preferred
embodiments. Various alternatives, modifications and equivalents may be used.
Therefore, the above embodiments should not be taken as limiting the scope of the

invention.



10

15

20

25

30

WO 2017/082777 PCT/SE2015/051184
33

CLAIMS

1. A method performed by a first network node (111) for handling a request for access
from a wireless device (130), the wireless device (130) and the first network node
(111) operating in a wireless communications network (100), the method
comprising:

receiving (401) a first message from the wireless device (130) comprising a
request for access,

determining (402) a delay for sending a second message to the wireless
device (130) in response to the received first message, and

sending (403) the second message to the wireless device (130) using said
determined delay, the second message comprising a response to the request for

access.

2. The method of claim 1, wherein the determining (402) is based on at least one of:

a) a condition of a radio channel between the first network node (111) and the
wireless device (130),

b) a load in afirst cell (121) served by the first network node (111),

) a load in the first network node (111),

d) a random determination,

e) one or more capabilities of the wireless device (130),

f) a number of first messages received from the wireless device (130),

g) a detected fifth message from a second network node (112) granting the
request for access to a second cell (122) served by the second network node
(112), and

h) a detected sixth message sent by the wireless device (130) to a second network
node (112) that has granted the request for access to a second cell (122)

served by the second network node (112) to the wireless device (130).

3. The method of any of claims 1-2, further comprising:
sending (400), to the wireless device (130), at least one of a first indication
associated to the determined delay and a second indication associated to the

determined delay.
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The method of claim 3, wherein the first indication comprises an indication of a
maximum delay by the first network node (111) to send the second message, and
wherein the second indication comprises an indication of a maximum delay by the
wireless device (130) to send a third message to the first network node (111) in

response to the second message.

The method of any of claims 1-4, further comprising:
receiving (404) a third message from the wireless device (130) to the first

network node (111) in response to the second message.

The method of any of claims 1-5, further comprising:
sending (405) a fourth message to a second network node (112), the fourth
message comprising a third indication that the second message has been sent by
the first network node (111) to the wireless device (130).

The method of any of claims 1-6, wherein the second message comprises one or
more fourth indications for at least one of:

a) a condition of a radio channel between the first network node (111) and the

wireless device (130),

b) a load in a first cell (121) served by the first network node (111),

) a load in the first network node (111),

d) a capability of the first network node (111), and

e) an indication of a maximum delay by the wireless device (130) to send a third

message to the first network node (111) in response to the second message.

Computer program, comprising instructions which, when executed on at least one
processor, cause the at least one processor to carry out the method according to

any one of claims 1to 7.

. A computer-readable storage medium, having stored thereon a computer program,

comprising instructions which, when executed on at least one processor, cause the
at least one processor to carry out the method according to any one of claims 1 to
7.
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10. A method performed by a wireless device (130) for receiving a response from a first
network node (111) to a request for access, the wireless device (130) and the first
network node (111) operating in a wireless communications network (100), the
method comprising:

obtaining (501) a first indication associated to a delay used by the first
network node (111) for sending a response to a request for access, and

receiving (503), from the first network node (111), a second message
comprising a response to a request for access comprised in a first message sent

by the wireless device (130), the receiving (503) being based on the delay.

11. The method of claim 10, wherein the first indication comprises an indication of a
maximum delay by the first network node (111) to send the second message, the
method further comprising:

obtaining (501) a second indication associated to the delay used by the first
network node (111) for sending a response to a request for access, wherein the
second indication comprises an indication of a maximum delay by the wireless
device (130) to send a third message to the first network node (111) in response to
the second message,

sending (502) the first message to the first network node (111), and

sending (504), to the first network node (111), a third message in response
to the second message, the sending of the third message being delayed based on

the obtained second indication.

12. The method of claim 10, further comprising:
receiving (505), from a second network node (112), a fifth message
granting the request for access to a second cell (122) served by the second
network node (112).

13. The method of claim 12, further comprising:
determining (506), whether to send one of: i) a third message to the first
network node 111 in response to the second message, or ii) a sixth message to
the second network node 112 in response to the fifth message, the determining
(506) whether to send the third message or the sixth message being based on at
least one of the following: a) one or more fourth indications comprised in the

received second message from the first network node 111, b) one or more fifth
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indications comprised in the received fifth message from the second network node
112, and c) a time of receipt of the second message and/or a time of receipt of the

fifth message.

14. Computer program, comprising instructions which, when executed on at least one
processor, cause the at least one processor to carry out the method according to

any one of claims 10 to 13.

15. A computer-readable storage medium, having stored thereon a computer program,
comprising instructions which, when executed on at least one processor, cause the
at least one processor to carry out the method according to any one of claims 10 to
13.

16. A first network node (111) configured to handle a request for access from a
wireless device (130), the first network node (111) being configured to operate in a
wireless communications network (100), the first network node (111) being further
configured to:

receive a first message from the wireless device (130) comprising a request
for access,

determine a delay for sending a second message to the wireless device (130)
in response to the received first message, and

send the second message to the wireless device (130) using said determined

delay, the second message comprising a response to the request for access.

17. The first network node (111) of claim 16, wherein to determine is configured to be
based on at least one of:

a) a condition of a radio channel between the first network node (111) and the
wireless device (130),

b) a load in a first cell (121) configured to be served by the first network node
(111),

) a load in the first network node (111),

d) a random determination,

e) one or more capabilities of the wireless device (130),

f) a number of first messages configured to be received from the wireless device
(130),
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g) a detected fifth message from a second network node (112) granting the
request for access to a second cell (122) configured to be served by the
second network node (112), and

h) a detected sixth message configured to be sent by the wireless device (130) to
a second network node (112) that has granted the request for access to a
second cell (122) configured to be served by the second network node (112)

to the wireless device (130).

The first network node (111) of any of claims 16-17, being further configured to:
send, to the wireless device (130), at least one of a first indication
associated to the determined delay and a second indication associated to the

determined delay.

The first network node (111) of claim 18, wherein the first indication comprises an
indication of a maximum delay by the first network node (111) to send the second
message, and wherein the second indication comprises an indication of a
maximum delay by the wireless device (130) to send a third message to the first

network node (111) in response to the second message.

The first network node (111) of any of claims 16-19, the first network node (111)
being further configured to:
receive a third message from the wireless device (130) in response to the

second message.

The first network node (111) of any of claims 16-19, being further configured to:
send a fourth message to a second network node (112), the fourth
message comprising a third indication that the second message has been sent by

the first network node (111) to the wireless device (130).

The first network node (111) of any of claims 16-21, wherein the second message

comprises one or more fourth indications for at least one of:
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a) the condition of a radio channel between the first network node (111) and the
wireless device (130),

b) the load in a first cell (121) configured to be served by the first network node
(111),

c) the load in the first network node (111),

d) a capability of the first network node (111), and

e) an indication of a maximum delay by the wireless device (130) to send a third

message to the first network node (111) in response to the second message.

23. A wireless device (130) configured to receive a response from a first network node
(111) to a request for access, the wireless device (130) being configured to operate
in a wireless communications network (100), the wireless device (130) being further
configured to:

obtain a first indication associated to a delay configured to be used by the
first network node (111) for sending a response to a request for access, and

receive, from the first network node (111), a second message comprising a
response to a request for access comprised in a first message configured to be

sent by the wireless device (130), to receive being based on the delay.

24. The wireless device (130) of claim 23, wherein the first indication comprises an
indication of a maximum delay by the first network node (111) to send the second
message, and wherein the wireless device (130) is further configured to:

obtain a second indication associated to the delay configured to be used by
the first network node (111) for sending a response to a request for access,
wherein the second indication comprises an indication of a maximum delay by the
wireless device (130) to send a third message to the first network node (111) in
response to the second message,

send the first message to the first network node (111), and

send, to the first network node (111), a third message in response to the
second message, wherein to send the third message is configured to be delayed

based on the second indication configured to be obtained.
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25. The wireless device (130) of any of claims 23-24, being further configured to:
receive, from a second network node (112), a fifth message granting the
request for access to a second cell (122) configured to be served by the second
network node (112).

26. The wireless device (130) of claim 25, wherein the wireless device (130) is further
configured to:
determine, whether to send one of: i) a third message to the first network node

111 in response to the second message, or ii) a sixth message to the second

10 network node 112 in response to the fifth message, to determine whether to send
the third message or the sixth message being based on at least one of the
following: a) one or more fourth indications comprised in the second message
configured to be received from the first network node 111, b) one or more fifth
indications comprised in the fifth message configured to be received from the

15 second network node 112, and c¢) a time of receipt of the second message and/or

a time of receipt of the fifth message.
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