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(57) Abstract: There is provided a method and corresponding device for transmitting a congestion indication to a group of wireless
communication devices for synchronized triggering of backoff procedures in the wireless communication devices. A purpose of the
synchronized triggering of the backoff procedures may be to enable deferring, in each of the wireless communication devices, trans
mission of scheduling request(s) until one or more backoff procedures in the considered wireless device is completed. In this way,
the proposed technology provides efficient load control related to scheduling requests and/or enables a reduction of the average re
sponse time between scheduling request and grant, as will be explained below.



TRIGGERING/INITIATING BACKOFF PROCEDURE(S) BASED ON

CONGESTION INDICATION(S) TO DEFER SCHEDULING REQUEST

TRANSMISSION

TECHNICAL FIELD

The proposed technology generally relates to wireless communications, and

more specifically to a method for enabling load control related to scheduling

requests for uplink grants in a wireless communication system, and a

corresponding device, uplink scheduler and network node, and a method

performed by a wireless communication device, and a corresponding wireless

communication device, as well as corresponding computer programs and

computer-program products and apparatuses.

BACKGROUND

In modern wireless communication systems, such as LTE, the uplink (as well

as the downlink) transmissions are normally scheduled by the network.

A general problem associated with a scheduled uplink is how to get

information about which wireless communication devices, such as UEs, that

have data waiting for transmission, how much data, and how important it is to

schedule that data. The information must in some way be conveyed from the

wireless communication devices to the scheduler, for example by means of

Buffer Status Reports (BSR) and/or Scheduling Requests (SR).

Precise and up-to-date scheduling information allows more accurate

scheduling decisions, and can help to optimize the use of radio resources and

to improve capacity. However, the accuracy of the information provided by the

wireless communication devices may for example be limited by the granularity

of the BSR reports, and/or by the frequency of the SR and/or BSR



transmissions and/or by the delay between the reception of the SR or BSR

and the scheduling decision and grant. By way of example, a high intensity of

SR transmissions will cause a high average response delay and can also

cause overload situations on the channel(s) over which scheduling requests

are conveyed. Processing limitations may also come into play, as will be

explained later on.

This problem is expected to increase in the future since there will be increased

bit-rates on the shared channel and new use cases are expected which

include many short transmissions, some with extreme delay requirements.

SUMMARY

It is an object to provide a method for enabling load control related to scheduling

requests for uplink grants in a wireless communication system.

It is also an object to provide a corresponding method performed by a wireless

communication device in a wireless communication system.

Another object is to provide a device configured to enable load control related

to scheduling requests for uplink grants in a wireless communication system.

Yet another object is to provide an uplink scheduler comprising such a device.

Still another object is to provide a network node comprising such a device.

It is also an object to provide a wireless communication device in a wireless

communication system.

Another object is to provide corresponding computer programs and computer-

program products.



Yet another object is to provide an apparatus for enabling load control related

to scheduling requests for uplink grants in a wireless communication system.

Still another object is to provide an apparatus for supporting operation of a

wireless communication device in a wireless communication system.

These and other objects are met by embodiments of the proposed technology.

According to a first aspect, there is provided a method for enabling load control

related to scheduling requests for uplink grants in a wireless communication

system. The method comprises transmitting a congestion indication to a group

of wireless communication devices for synchronized triggering of backoff

procedures in the wireless communication devices.

According to a second aspect, there is provided a method performed by a

wireless communication device in a wireless communication system. The

method comprises receiving a congestion indication, and initiating a backoff

procedure based on the received congestion indication to defer transmission of

scheduling request(s) until the backoff procedure is completed.

According to a third aspect, there is provided a device configured to enable load

control related to scheduling requests for uplink grants in a wireless

communication system. The device is configured to transmit a congestion

indication to a group of wireless communication devices for synchronized

triggering of backoff procedures in the wireless communication devices.

According to a fourth aspect, there is provided an uplink scheduler comprising a

device according to the third aspect.

According to a fifth aspect, there is provided a network node comprising a device

according to the third aspect.



According to a sixth aspect, there is provided a wireless communication device

in a wireless communication system. The wireless communication device is

configured to receive a congestion indication. The wireless communication

device is also configured to initiate a backoff procedure based on the received

congestion indication to defer transmission of scheduling request(s) until the

backoff procedure is completed.

According to a seventh aspect, there is provided a computer program comprising

instructions, which when executed by at least one processor, cause the at least

one processor to:

generate a congestion indication, and

output the congestion indication for transmission to a group of

wireless communication devices for synchronized triggering of backoff

procedures in the wireless communication devices.

According to an eighth aspect, there is provided a computer program comprising

instructions, which when executed by at least one processor, cause the at least

one processor to:

read a congestion indication, and

- initiate a backoff procedure based on the congestion indication to

defer transmission of scheduling request(s) until the backoff procedure is

completed.

According to a ninth aspect, there is provided a computer-program product

comprising a computer-readable medium having stored thereon a computer

program according to the seventh or eighth aspect.

According to a tenth aspect, there is provided an apparatus for enabling load

control related to scheduling requests for uplink grants in a wireless

communication system. The apparatus comprises a generating module for

generating a congestion indication, and an output module for outputting the



congestion indication for transmission to a group of wireless communication

devices for synchronized triggering of backoff procedures in the wireless

communication.

According to an eleventh aspect, there is provided an apparatus for supporting

operation of a wireless communication device in a wireless communication

system. The apparatus comprises an input module for receiving a congestion

indication, and an initiating module for initiating a backoff procedure based on

the received congestion indication to defer transmission of scheduling

request(s) until the backoff procedure is completed.

An advantage is that the proposed technology enables efficient load control

related to scheduling requests and/or enables a reduction of the average

response time between scheduling request and grant.

Other advantages will be appreciated when reading the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments, together with further objects and advantages thereof, may

best be understood by making reference to the following description taken

together with the accompanying drawings, in which:

FIG. 1A is a schematic signaling diagram illustrating an example of signaling

between a network node and a wireless communication device related to grant-

based uplink data transmissions.

FIG. 1B is a schematic diagram illustrating an example of transmitting a

congestion indication to a group of wireless communication devices according

to an embodiment.



FIG. 2 is a schematic flow diagram illustrating an example of a method for

enabling load control related to scheduling requests for uplink grants in a

wireless communication system according to an embodiment.

FIG. 3 is a schematic flow diagram illustrating an example of a method

performed by a wireless communication device in a wireless communication

system according to an embodiment.

FIG. 4 is a schematic diagram illustrating an example of back-off deferred

transmission of scheduling requests during congestion according to prior art.

FIG. 5 is a schematic diagram illustrating an example of synchronized triggering

of back-off procedures based on a congestion indication according to an

embodiment of the proposed technology.

FIG. 6 is a schematic diagram illustrating an example of back-off deferred

transmission of scheduling requests during a relatively longer period of

congestion according to prior art.

FIG. 7 is a schematic diagram illustrating an example of synchronized triggering

of back-off procedures based on repeated congestion indications to handle a

relatively longer period of congestion according to an embodiment of the

proposed technology.

FIG. 8 is a schematic diagram illustrating an example of synchronized triggering

of back-off procedures of different priority levels according to an embodiment.

FIG. 9 is a schematic flow diagram illustrating a particular example of an overall

procedure related to the allocation of an uplink grant based on a scheduling

request that is deferred by a backoff procedure according to an embodiment.



FIG. 10 is a schematic block diagram illustrating an example of a device

configured to enable load control related to scheduling requests for uplink

grants according to an embodiment.

FIG. 11 is a schematic block diagram illustrating an example of an uplink

scheduler according to an embodiment.

FIG. 12 is a schematic block diagram illustrating an example of a network node

according to an embodiment.

FIG. 13 is a schematic block diagram illustrating an example of a wireless

communication device according to an embodiment.

FIG. 14 is a schematic block diagram illustrating an example of a computer

implementation according to an embodiment.

FIG. 15 is a schematic diagram illustrating a particular example of signaling

between an uplink scheduler and a mobile terminal according to an

embodiment.

FIG. 16 is a schematic block diagram illustrating an example of an

implementation wherein the scheduler is located in a first device and the entity

responsible to transmit the congestion indication(s) is located in a second

device.

FIG. 17 is a schematic block diagram illustrating an example of an apparatus

for enabling load control related to scheduling requests for uplink grants

according to an embodiment.



FIG. 18 is a schematic block diagram illustrating an example of an apparatus

for supporting operation of a wireless communication device according to an

embodiment.

DETAILED DESCRIPTION

Throughout the drawings, the same reference designations are used for similar

or corresponding elements.

As used herein, the non-limiting terms "wireless communication device",

"station", "User Equipment (UE)", and "terminal" may refer to a mobile phone, a

cellular phone, a Personal Digital Assistant (PDA), equipped with radio

communication capabilities, a smart phone, a laptop or Personal Computer

(PC), equipped with an internal or external mobile broadband modem, a tablet

with radio communication capabilities, a target device, a device to device UE, a

machine type UE or UE capable of machine to machine communication,

Customer Premises Equipment (CPE), Laptop Embedded Equipment (LEE),

Laptop Mounted Equipment (LME), USB dongle, a portable electronic radio

communication device, a sensor device equipped with radio communication

capabilities or the like. In particular, the term "wireless communication device"

should be interpreted as non-limiting terms comprising any type of wireless

device communicating with a network node in a wireless communication system

and/or possibly communicating directly with another wireless communication

device. In other words, a wireless communication device may be any device

equipped with circuitry for wireless communication according to any relevant

standard for communication.

As used herein, the non-limiting term "network node" may refer to base stations,

access points, network control nodes such as network controllers, radio network

controllers, base station controllers, access controllers, and the like. In

particular, the term "base station" may encompass different types of radio base



stations including standardized base station functions such as Node Bs, or

evolved Node Bs (eNBs), and also macro/micro/pico radio base stations, home

base stations, also known as femto base stations, relay nodes, repeaters, radio

access points, Base Transceiver Stations (BTSs), and even radio control nodes

controlling one or more Remote Radio Units (RRUs), or the like.

For a better understanding of the proposed technology, it may be useful to begin

with a brief overview of the general grant-related signalling between a network

node and an associated wireless communication device.

FIG. 1A is a schematic signaling diagram illustrating an example of signaling

between a network node 10 and a wireless communication device 20 related to

grant-based uplink data transmissions.

As previously explained, the wireless communication device 20 may transmit

one or more scheduling requests to the network node 10 , which based on the

received scheduling request(s) takes a decision as to whether and/or when

uplink grant(s) should be given to the wireless communication device. The

uplink grant(s) is/are transmitted to the wireless communication device 20,

which may then perform uplink data transmissions using the granted uplink

resources.

It may also be useful to describe the basic scheduling principles in modern

wireless networks such as LTE of today, and some of the problems associated

therewith.

In LTE, for example, scheduling is modeled in the Medium Access Control

(MAC) layer and resides in the eNodeB (eNB). The scheduler assigns radio

resources, also called resource blocks (RB), for the downlink (assignments) as

well as for the uplink (grants) using the Physical Downlink Control Channel

(PDCCH).



For uplink scheduling, the eNB needs information about the current state of the

buffers in the terminal, i.e. if and how much data the terminal has in its priority

queues. This information is sent from the UE to the eNB either as a 1-bit

scheduling request (SR) or by a buffer status report (BSR). BSRs are

transmitted on the data channel (PUSCH) mostly together with user data. SRs

are either transmitted on the RACH channel (RA-SR) or on dedicated resources

on the PUCCH (Dedicated SR, D-SR) if such resources are available. The

PUCCH resources for dedicated SR are assigned and revoked by the eNB

through Radio Resource Control (RRC). In addition, the resources are

autonomously revoked when the UE loses UL synchronization.

For example, buffer status reporting is used by the UE to report to the eNB the

amount of data stored in its buffers for transmission. The eNB uses these

reports to allocate resources to the UE, and to prioritize resource allocation

between different UEs.

The UE triggers a Regular BSR and Scheduling Request (SR) when uplink data

becomes available for transmission and if this data belongs to a Logical

Channel Group (LCG) (or radio bearer group) with higher priority than those for

which data already existed in the buffer or if the UE buffers were empty just

before this new data became available for transmission.

An SR is either sent on the RACH (an RA-SR) or on a dedicated resource on

PUCCH (a D-SR). A D-SR is typically used when the UE uplink is time

synchronized. The purpose is to enable UE to rapidly request resources for

uplink data transmission. In 3GPP, for example, a dedicated solution for the

scheduling request has been agreed. For the dedicated approach, each active

user is assigned a dedicated channel for performing the scheduling request.

The benefit with this method is that no UE ID has to be transmitted explicitly,

since the UE is identified by the channel used. Furthermore, no intra-cell

collisions will occur in contrast to the contention based approach.



The D-SR is repeatedly transmitted on consecutive SR opportunities on

PUCCH until the UE receives an UL grant on PDCCH. The transmission is

stopped at least when PUCCH resources are released and/or UL synch is lost

even if the UE has not received any UL grant on PDCCH. After stopping

transmission on the D-SR, the UE transmits on the RA-SR (i.e. accesses the

system via RACH).

The Random Access Scheduling Request (RA-SR) is used when the UE has

lost UL synchronization or if it has no D-SR resources.

Other means to transmit scheduling requests are also possible. A resource

could be assigned to multiple UEs with a contention based access scheme

(similar to random access, but synchronized). Additional data could further be

transmitted together with the scheduling requests, e.g. a complete buffer status

report and/or user data.

Mechanisms to include more information in the SR transmission to indicate for

example a priority are known. WO 201 1/087406 for example, describes a way

to indicate priority while still using only a 1-bit D-SR-channel.

The concept of using a backoff is common in MAC-procedures that are based

on contention, e.g. random access or carrier sense multiple access (CSMA).

The general principle here is to perform a backoff procedure after a failed

attempt to transmit on the shared channel, e.g. not receiving an

acknowledgement.

The fundamental MAC-technique of IEEE 802.1 1 is based on CSMA: If the

channel is busy, the MAC waits until the medium becomes idle, then defers for

an extra time interval, called the DCF Interframe Space (DIFS). If the channel

stays idle during the DIFS deference, the MAC then starts the backoff process

by selecting a random backoff counter (or BC). For each slot time interval,



during which the medium stays idle, the random BC is decremented. When the

BC reaches zero, the frame is transmitted. On the other hand, when a frame

arrives at the head of the queue, if the MAC is in either the DIFS deference or

the random backoff process the processes described above are applied again.

That is, the frame is transmitted only when the random backoff has finished

successfully. When a frame arrives at an empty queue with no on-going backoff

process and the medium has been idle longer than the DIFS time interval, the

frame is transmitted immediately. The maximum length of the random backoff

is increased every time a transmission fails.

The use of a backoff in combination with LTE D-SR is described in

US201 50230267A1 . The principle here is that a UE receives a backoff

parameter and selectively applies the received backoff parameter, depending

on what triggered the SR.

The inventor has realized that with the current approach in LTE, the triggering

of an SR is independent of the load on the channel. It can neither take into

account the priority of the data that triggered the event.

When a high number of SRs are triggered in a given time period, this has bad

consequences: First a high load on the channel that is used to convey SR may

lead to SR reception errors. Secondly the scheduler can't schedule all the UEs

with triggered SR on the shared channel. Since no knowledge of the cause is

available this may lead to long delays for high priority data which can cause

bad service quality as well as radio link failures. The latter can for example

occur when the data is handover signaling.

In WO 201 1/087406 a partial solution, i.e. a solution to the prioritization

problem is proposed. This solution and other solutions that transmits priority

information over the D-SR channel can help the scheduler to decide which of

the requesting UEs to serve first, but does not address the problem of load on



the SR channel. The solution in WO 201 1/087406 may further introduce extra

delay in the process since the SR-channel must be observed during many

frames in order to determine the priority.

The mechanism described in US201 50230267A1 does a backoff or not based

on the type of data. The backoff is started when the scheduling request is

triggered and the transmission take place when the backoff has completed.

The effect of this is to shift the transmission of some requests to a later time.

So except for a short time period immediately after the reception of the backoff

parameter, the only effect of this is to introduce extra delay between the

triggering and the transmission. Assuming a steady influx of requests, the

number of transmitted SR within a given period will not change, and hence the

average response time for a SR triggered by prioritized access will not be

shorter.

So to make use of the proposed mechanism, the backoff parameter must be

configured exactly at the time of the congestion. The triggering of scheduling

requests cannot be predicted (it this was possible they wouldn't be needed),

so to be effective the backoff must be configured in all UEs that potentially

could send a scheduling request. When the congestion is over, the backoff

parameter must be reconfigured again or else there will be unnecessary

delays and it will not be possible to configure the backoff again to get the

wanted effect at the next congestion. The amount of radio resources required

to configure all UEs, especially if more than one priority level is wanted, will

be a problem in a congested situation .

According to an aspect of the proposed technology, a basic idea is to transmit

a congestion indication to a group of wireless communication devices, as

illustrated in FIG. 1B, for synchronized triggering of backoff procedures in the

wireless communication devices.



FIG. 2 is a schematic flow diagram illustrating an example of a method for

enabling load control related to scheduling requests for uplink grants in a

wireless communication system according to an embodiment.

Basically, the method comprises the step S 1 of transmitting a congestion

indication to a group of wireless communication devices for synchronized

triggering of backoff procedures in the wireless communication devices.

A purpose of the synchronized triggering of the backoff procedures may be to

enable deferring, in each of the wireless communication devices, transmission

of scheduling request(s) until one or more backoff procedures in the considered

wireless device is completed.

In this way, the proposed technology provides efficient load control related to

scheduling requests and/or enables a reduction of the average response time

between scheduling request and grant, as will be explained below.

The process from the time that a wireless communication device such as a

terminal knows that it wants to use the shared channel until the scheduler

grants access generally includes multiple steps:

Scheduling request (SR) trigger -> SR transmission -> Grant transmission ->

Data (plus BSR) transmission on shared channel.

This will then typically be followed by more grants and data transmissions based

on the information in the buffer status report, but now the scheduler knows how

important it is to schedule the data.

Since the scheduler does not know the priority of the access until the data has

been received the time between SR trigger and data plus BSR transmission



can become a problem for the overall responsiveness of the system as

perceived by the end user.

Congestion in any of the above channels that are involved can cause a long

overall response time. Processing limitations may also come into play, e.g.

there may be a limit on the number of uplink shared channel receptions that can

be processed in each sub-frame. The load on the scheduling request channels

(e.g. PUCCH and RACH) cannot be directly controlled by the scheduler.

Therefore an idea would be to control the overall congestion level in the whole

chain in order to keep the delay from SR transmission to data (plus BSR)

transmission relatively short. This may be done by transmitting a congestion

indication to the wireless terminals, which will defer scheduling request

transmissions to a later time. The congestion indication may be triggered by

anything that impacts the total response time, e.g. high load on RACH or a large

number of scheduling requests that are waiting on a grant. In this way the

scheduler can control the load on all channels, including the scheduling

requests channels with a single mechanism.

Normally, the congestion indication, which is sometimes referred to as a load

indication, is thus representative of a load or congestion situation related to

scheduling requests.

In a particular example, repeated congestion indications may be transmitted,

wherein a length of a time interval between repeated transmissions of

congestion indications may be adapted according to a level of congestion.

For example, congestion indications may be transmitted with a shorter length

of the time interval when the level of congestion is higher compared to when

the level of congestion is lower.



Normally, the group of wireless communication devices share the same uplink

resources. In a particular example, the group of wireless communication

devices includes at least two wireless communication devices in a cell of the

wireless communication system.

The synchronized triggering may be achieved by simultaneously transmitting

the congestion indication to the group of wireless communication devices. By

way of example, this can be accomplished by multicasting or broadcasting the

congestion indication, as will be exemplified in more detail later on.

The congestion indication may for example be a single-bit indication or

represented by two or more bits.

The congestion indication may be transmitted, e.g. on a downlink control

channel or piggy-backed with one or more downlink data transmissions. For

example, the congestion indication may be transmitted on a Physical Downlink

Control Channel, PDCCH.

In a particular example, a priority level of an event that triggered a scheduling

request may be determined based on the time between the most recently

transmitted congestion indication and reception of the scheduling request, and

the determined priority level is used for determining when to grant access to a

shared uplink channel.

The priority level can thus be used as at least partial input to decide which

user(s) should be granted access to the shared uplink channel and in which

order. The priority level information for one or more users may be combined

with additional information, such as information from buffer status reports,

provided such information is available when taking the grant decisions.



In case of multiple priority levels, a solution according to a particular example

involves keeping the total response time low for high priority access by deferring

lower priority accesses to a later time. They will hence not cause any load on

the involved channels. In other words, the high priority accesses will experience

a shorter time between scheduling request trigger and scheduling request

transmission while low priority accesses will experience a longer delay. Since

the scheduler cannot distinguish the different types of requests from each other,

it may be beneficial to keep the time from scheduling request reception to data

(plus BSR) transmission short for all.

The backoff could also be applied for initial access requests. For an initial

access request, the terminal does not typically monitor the channel used for

congestion indications when idle. Therefore, a rule could be that the congestion

indication channel should be monitored for a certain time before using the

random access channel and if a congestion indication is received, the backoff

procedure is started as when already connected. This monitoring time could

depend on the backoff parameters, which in turn could depend on the priority

level of the access request. In general, an initial access request can thus be

considered to be equivalent with a scheduling request.

FIG. 3 is a schematic flow diagram illustrating an example of a method

performed by a wireless communication device in a wireless communication

system according to an embodiment.

Basically, the method comprises:

S 11: receiving a congestion indication; and

S 12 : initiating a backoff procedure based on the received congestion indication

to defer transmission of scheduling request(s) until the backoff procedure is

completed.



Expressed differently, if a scheduling request is triggered, the scheduling

request will only be transmitted when no corresponding backoff procedure is

on-going.

As previously mentioned, the congestion indication, which is sometimes

referred to as a load indication, may be representative of a load or congestion

situation related to scheduling requests.

Normally, the backoff procedure comprises a process of backing off from

transmission of a scheduling request during a backoff time period, and the

backoff procedure is completed when the backoff time period has expired.

In a particular example, at least two backoff procedures are initiated based on

the received congestion indication, and the at least two backoff procedures are

configured to operate based on different backoff parameters regulating the

backoff time period. Illustrative and non-limiting examples of usable backoff

parameters will be given later on.

Optionally, the at least two backoff procedures may be associated with different

priority levels corresponding to different priority levels of data triggering the

scheduling request(s).

As an example, an average backoff time period for a backoff procedure

associated with a lower priority level may be longer than an average backoff

time period for a backoff procedure associated with a higher priority level. This

is preferably accomplished by setting the backoff parameters differently for

backoff procedures of different priority levels.

In a particular example, repeated congestion indications may be received and

the backoff procedure is restarted based on each congestion indication, as will

be exemplified later on.



The congestion indication(s) may be received on a downlink control channel,

such as the PDCCH, or received piggybacked with one or more data

transmissions.

By way of example, the congestion indication may optionally provide an

indication of the level of congestion; not only a "congestion/no congestion"

indication. The level of congestion indicated by such a congestion indication

may for example be used as input for determining the backoff time period of the

backoff procedure(s) or used as input for determining for which backoff

procedure(s) the congestion indication applies.

In the following, the proposed technology will be described in more detail with

reference to a number of non-limiting examples.

In LTE, for example, when the load on the SR channel(s) is high or many

requesting UEs are waiting for grants to use the shared channel, the novel

congestion indication makes the UEs aware of this situation. The congestion

indication and backoff mechanism will cause requests to wait before

transmitting an SR for a time that may depend on the priority of the data.

In addition, as already mentioned, the backoff procedure may be restarted if a

further congestion indication is received before it is completed. This means

that the scheduler can handle different levels of congestion through the

interval between congestion indications. A single congestion indication will

shift some lower priority request to a later time, but repeated indications can

block requests from being transmitted.

This will control the load on the SR channel(s) and keep the response time

between SR and grant low. An access with higher priority will backoff for a

shorter period or not at all, and will therefore have a relatively shorter time

between data arrival and access.



This provides a very flexible control of the response time for different priorities

while keeping the load on the SR channel(s) low.

In a particular embodiment, the broadcasted congestion indication is a single

bit and it is not required that the congestion indication is transmitted frequently.

So, in this case, the mechanism requires few radio resources on the downlink.

A single congestion indication may also be used regardless of the number of

priority levels. The priority levels may be realized through different backoff

parameters that can be pre-configured or configured once per session.

The controlled load makes it possible to use the D-SR channel with a shorter

period without causing high load, which can reduce the response times further.

The proposed mechanism has advantages over the mechanism described in

US201 50230267A1 both when the congested period is short and when it is

long in relation to the backoff parameters.

A short period of congestion handled with the prior art mechanism is

schematically illustrated in FIG. 4 .

The same situation handled according to an example of the present invention

is schematically illustrated in FIG. 5 .

The proposed solution (FIG. 5) inhibits scheduling requests during the

congested period and not in relation to the random trigger time (FIG. 4). In this

particular example, ue2 will experience an unnecessarily long delay with the

prior art solution just because it happened to trigger an SR at the end of the

congested period.

In addition, only a single bit needs to be transmitted with the proposed solution,

while the prior art requires backoff parameters to be transmitted twice (during

congestion).



When considering a longer period of congestion, the problems with the prior

art solution becomes more evident, as illustrated in FIG. 6 and FIG. 7 .

As can be seen from FIG. 6 , the backoff configurations in the prior art solution

can only move transmissions to a future time and this time is limited by the

length of the backoff. It is thus clear that it is not possible to avoid

transmissions of low priority scheduling requests.

FIG. 7 is a schematic diagram illustrating an example of synchronized triggering

of back-off procedures based on repeated congestion indications to handle a

relatively longer period of congestion according to an embodiment of the

proposed technology.

At medium congestion level the congestion indications are transmitted with a

long interval between them and then low priority requests from UEs that

happen to draw a short random backoff can still be transmitted. At high load

or congestion level, congestion indications can be transmitted with shorter

interval effectively inhibiting all low priority scheduling requests. If more than

one priority level is configured the interval must be interpreted in relation to

the backoff configuration for each priority level. The "long" interval in FIG. 7

may still block all scheduling requests for a priority level (not shown) that is

lower than the one showed in FIG. 7 .

With multiple priority levels, each backoff procedure and SR trigger is

associated with a priority level, and the SR transmission typically only depends

on the backoff procedure of the corresponding priority level.

FIG. 8 is a schematic diagram illustrating a particular example of synchronized

triggering of back-off procedures of different priority levels according to an

embodiment. In this particular example, a randomized backoff time is defined

per priority level. For example, the backoff time may be defined by a constant



value plus a random number within a given interval, where the constant value

and the given interval are selected per priority level and regarded as priority-

specific backoff parameters.

A particular, non-limiting example of how backoff parameters for a number N of

priority levels, where p is a priority level from 1 to N .

Backoff time = K_p + uniform random number in the range/interval from 0 to

B_P-

High priority, e.g. handover signaling, emergency calls:

K_p = 0 ; B_p = 20;

Medium priority, e.g. ordinary voice call (both media and SIP signalling)

K_p = 20; B_p = 40;

Low priority: e.g. web browsing

K_p = 50; B_p = 500;

In this example, the backoff parameters are given in ms.

In this way, there will be a certain probability, for each priority level, that the

backoff is running, as schematically illustrated in FIG. 8 .

FIG. 9 is a schematic flow diagram illustrating a particular example of an overall

procedure related to the allocation of an uplink grant based on a scheduling

request that is deferred by a backoff procedure according to an embodiment.

S21 : Backoff configuration in the UE (optional)



Configurations of one or many backoff procedures are defined in the UE. The

backoff procedure and/or the backoff parameters may be preconfigured in the

UE, for example in the Universal Subscriber Identity Module (USIM) , and then

backoff parameters do not have to be transmitted to the UE. It is however

possible that a procedure like Radio Resource Configuration (RRC) is used to

configure the backoff parameters in the UE, e.g. when the UE connects to the

network.

S22: An uplink scheduler transmits congestion indication to the UE(s)

The congestion indication could be transmitted in many ways: the most

straightforward in LTE would probably be to use a broadcast PDCCH, but it

would also be possible to use any other broadcast channel or it would be

possible to piggy-back congestion indications on downlink data

transmission(s).

S23: UE (re)starts one or many (random) backoff procedures

The main purpose with this step is to make the UEs wait longer until

transmitting an SR when the load is high to reduce the load on the SR channel

and the waiting time between scheduling request and grant to use the shared

channel. To do this it is sufficient with a single backoff procedure.

Additional congestion indications received before completion may reconfigure

and restart the backoff procedure.

If the congestion indication is a single bit and shorter response times for high

priority data than low priority data is desired, multiple backoff procedures may

be used.

Endless variations of backoff schemes are possible. A particular example with

single bit is to do like this:



For each priority level p :

An initial backoff window, B0_p, and maximum backoff window, Bmax_p, are

configured.

The backoff window, B_p is initialized to B0_p.

When a congestion indication is received a random backoff is drawn with the

range 0 and B_p.

If another congestion indication is received before the backoff time has

expired, the value of B_p is multiplied by a factor X and limited to Bmax_p.

Then the backoff procedure is restarted with a new backoff time drawn from

the new range.

If the congestion indication has multiple levels it possible to let the level be

part of the backoff calculations or to let it indicate for which priority levels the

congestion indication applies. For example a congestion indication of "3",

coded by two or more bits, could mean that only backoff procedures of priority

level 3 or lower should be triggered by the congestion indication.

S24: A scheduling request is triggered

The triggering as such follows standard procedure. To support multiple

priorities a priority level must be assigned to each request.

S25: Is backoff procedure active?

Basic functionality: Check whether the considered backoff procedure is active.



In case of multiple priorities this can be extended to: Check whether backoff

procedure, corresponding to the priority level of the data that triggered the SR,

is completed.

S26. Wait until the backoff procedure is completed

Basic functionality: If the backoff procedure is active wait and defer SR

transmission until the backoff procedure is completed.

In case of multiple priorities this can be extended to: When a dedicated

scheduling request is triggered it will not be transmitted until the backoff

procedure, corresponding to the priority of the data that triggered the SR, is

completed.

It would be possible to include a random mechanism also here, e.g. to use a

single backoff process, but subtract different random numbers from the

backoff time here based on priority.

S27: A scheduling request is transmitted

Just like in the ordinary case: The scheduling request will be transmitted on

an uplink channel. In the example of LTE, this is either a random access

channel or a dedicated scheduling request channel.

S28: The scheduler transmits a grant to use the shared uplink channel

Basic functionality: The scheduler operates according to any standard

procedure.

Optionally, the scheduler could at this stage utilize information about the

backoff procedure to determine which of the UEs that have higher priority. It



is for example possible to determine that a SR that is received within a certain

time window with relation to the congestion indications must be triggered by a

high priority request.

It will be appreciated that the methods and arrangements described herein can

be implemented, combined and re-arranged in a variety of ways.

For example, embodiments may be implemented in hardware, or in software for

execution by suitable processing circuitry, or a combination thereof.

The steps, functions, procedures, modules and/or blocks described herein may

be implemented in hardware using any conventional technology, such as

discrete circuit or integrated circuit technology, including both general-purpose

electronic circuitry and application-specific circuitry.

Alternatively, or as a complement, at least some of the steps, functions,

procedures, modules and/or blocks described herein may be implemented in

software such as a computer program for execution by suitable processing

circuitry such as one or more processors or processing units.

Examples of processing circuitry includes, but is not limited to, one or more

microprocessors, one or more Digital Signal Processors (DSPs), one or more

Central Processing Units (CPUs), video acceleration hardware, and/or any

suitable programmable logic circuitry such as one or more Field Programmable

Gate Arrays (FPGAs), or one or more Programmable Logic Controllers (PLCs).

It should also be understood that it may be possible to re-use the general

processing capabilities of any conventional device or unit in which the proposed

technology is implemented. It may also be possible to re-use existing software,

e.g. by reprogramming of the existing software or by adding new software

components.



According to an aspect of the proposed technology, there is provided a device

configured to enable load control related to scheduling requests for uplink

grants in a wireless communication system. The device is configured to transmit

a congestion indication to a group of wireless communication devices for

synchronized triggering of backoff procedures in the wireless communication

devices.

By way of example, the device may be configured to transmit repeated

congestion indications wherein a length of a time interval between repeated

congestion indications is adapted according to a level of congestion.

For example, the device may be configured to transmit congestion indications

with a shorter length of the time interval when the level of congestion is higher

compared to when the level of congestion is lower.

Preferably, the device is configured to simultaneously transmit the congestion

indication to the group of wireless communication devices, e.g. by broadcasting

or multicasting.

In a particular example, the device is configured to determine a priority level of

an event that triggered a scheduling request based on the time between the

most recently transmitted congestion indication and reception of the scheduling

request, and configured to determine when to grant access to a shared uplink

channel at least partly based on the determined priority level. This may be

useful for decide which user(s) should be granted access to the shared uplink

channel and in which order, as previously discussed.

FIG. 10 is a schematic block diagram illustrating an example of a device

configured to enable load control related to scheduling requests for uplink

grants according to an embodiment. In this particular example, the device 100

comprises a processor 110 and a memory 120, the memory 120 comprising



instructions executable by the processor 110 , whereby the processor is

operative to enable load control related to scheduling requests.

Optionally, the device 100 may also include a communication circuit 130. The

communication circuit 130 may include functions for wired and/or wireless

communication with other devices and/or network nodes in the network. In a

particular example, the communication circuit 130 may be based on radio

circuitry for communication with one or more other nodes, including transmitting

and/or receiving information. The communication circuit 130 may be

interconnected to the processor 110 and/or memory 120. By way of example,

the communication circuit 130 may include any of the following: a receiver, a

transmitter, a transceiver, input/output (I/O) circuitry, input port(s) and/or output

port(s).

It is also possible to provide a solution based on a combination of hardware and

software. The actual hardware-software partitioning can be decided by a

system designer based on a number of factors including processing speed, cost

of implementation and other requirements.

FIG. 11 is a schematic block diagram illustrating an example of an uplink

scheduler according to an embodiment. In this example, the uplink scheduler

15 comprises a device 100 according to any of the relevant embodiments.

FIG. 12 is a schematic block diagram illustrating an example of a network node

according to an embodiment. In this example, the network node 10 comprises a

device 100 according to any of the relevant embodiments. By way of example,

the network node 10 is a base station.

According to another aspect, there is provided a wireless communication device

in a wireless communication system. The wireless communication device is

configured to receive a congestion indication. The wireless communication



device is also configured to initiate a backoff procedure based on the received

congestion indication to defer transmission of scheduling request(s) until the

backoff procedure is completed.

In other words, the wireless communication device is configured to back off from

transmission of a scheduling request during a backoff time period, and the

backoff procedure is completed when the backoff time period has expired.

In a particular example, the wireless communication device is configured to

receive more than one congestion indication and to restart the backoff

procedure based on each congestion indication.

Optionally, the wireless communication device may be configured to initiate at

least two backoff procedures based on the received congestion indication,

wherein the at least two backoff procedures are configured to operate based on

different backoff parameters regulating the backoff time period

For example, the at least two backoff procedures may be associated with

different priority levels corresponding to different priority levels of data triggering

the scheduling request(s).

FIG. 13 is a schematic block diagram illustrating an example of a wireless

communication device according to an embodiment. In this particular example,

the wireless communication device 200 comprises a processor 2 10 and

memory 220, the memory 220 comprising instructions executable by the

processor 2 10 , whereby the processor 2 10 is operative to initiate a backoff

procedure.

Optionally, the device 200 may also include a communication circuit 230. The

communication circuit 230 may include functions for wired and/or wireless

communication with other devices and/or network nodes in the network. In a



particular example, the communication circuit 230 may be based on radio

circuitry for communication with one or more other nodes, including transmitting

and/or receiving information. The communication circuit 230 may be

interconnected to the processor 2 10 and/or memory 220. By way of example,

the communication circuit 230 may include any of the following: a receiver, a

transmitter, a transceiver, input/output (I/O) circuitry, input port(s) and/or output

port(s).

It is also possible to provide a solution based on a combination of hardware and

software.

FIG. 14 is a schematic diagram illustrating an example of a computer-

implementation 300 according to an embodiment. In this particular example, at

least some of the steps, functions, procedures, modules and/or blocks

described herein are implemented in a computer program 325; 335, which is

loaded into the memory 320 for execution by processing circuitry including one

or more processors 3 10 . The processor(s) 3 10 and memory 320 are

interconnected to each other to enable normal software execution. An optional

input/output device 340 may also be interconnected to the processor(s) 3 10

and/or the memory 320 to enable input and/or output of relevant data such as

input parameter(s) and/or resulting output parameter(s).

The term 'processor' should be interpreted in a general sense as any system or

device capable of executing program code or computer program instructions to

perform a particular processing, determining or computing task.

The processing circuitry including one or more processors 3 10 is thus configured

to perform, when executing the computer program 325, well-defined processing

tasks such as those described herein.



The processing circuitry does not have to be dedicated to only execute the above-

described steps, functions, procedure and/or blocks, but may also execute other

tasks.

In a particular embodiment, the computer program 325; 335 comprises

instructions, which when executed by at least one processor 3 10 , cause the

processor(s) 3 10 to:

generate a congestion indication, and

output the congestion indication for transmission to a group of

wireless communication devices for synchronized triggering of backoff

procedures in the wireless communication devices.

In another particular embodiment, the computer program 325; 335 comprises

instructions, which when executed by at least one processor 3 10 , cause the

processor(s) 3 10 to:

read a congestion indication, and

initiate a backoff procedure based on the congestion indication to

defer transmission of scheduling request(s) until the backoff procedure is

completed.

The proposed technology also provides a carrier comprising the computer

program, wherein the carrier is one of an electronic signal, an optical signal, an

electromagnetic signal, a magnetic signal, an electric signal, a radio signal, a

microwave signal, or a computer-readable storage medium.

By way of example, the software or computer program 325; 335 may be realized

as a computer program product, which is normally carried or stored on a

computer-readable medium 320; 330, in particular a non-volatile medium. The

computer-readable medium may include one or more removable or non-

removable memory devices including, but not limited to a Read-Only Memory

(ROM), a Random Access Memory (RAM), a Compact Disc (CD), a Digital



Versatile Disc (DVD), a Blu-ray disc, a Universal Serial Bus (USB) memory, a

Hard Disk Drive (HDD) storage device, a flash memory, a magnetic tape, or any

other conventional memory device. The computer program may thus be loaded

into the operating memory of a computer or equivalent processing device for

execution by the processing circuitry thereof.

FIG. 15 is a schematic diagram illustrating a particular example of signaling

between an uplink scheduler and a mobile terminal according to an

embodiment.

The uplink scheduler 15 is normally responsible for performing medium access

control on a shared channel.

The mobile terminal 20; 200 wants to transmit data on the shared channel that

is controlled by the scheduler 15 . When data needs to be transmitted (could

be either signaling within the radio system or application data) and it has no

grant to transmit on the shared channel it must first transmit a scheduling

request to the scheduler 15 on at least one of the scheduling request channel

(s).

However, in order to enable efficient load control related to scheduling

requests, the proposed technology provides a device 100 that is configured to

transmit congestion indication(s) to wireless communication devices such as

mobile terminals 20; 200 for synchronized triggering of backoff procedures.

This means that transmission of scheduling request(s) is deferred until one or

more backoff procedures in the mobile terminal 20; 200 is completed, as

previously explained.



Once a scheduling request is received by the uplink scheduler 15 , the uplink

scheduler allocates transmission resources, if possible, and sends a grant to

the mobile terminal 20; 200 on the scheduling grant channel(s).

Data may then finally be transmitted between the mobile terminal 20; 200 and

the network side on the uplink shared channel.

In the example of LTE, the scheduler is logically part of an eNB, but it is

possible to have a single coordinated scheduler that handles many eNB. In

this case the scheduler and the entity that transmits the congestion indication

may be in different physical locations.

FIG. 16 is a schematic block diagram illustrating an example of an

implementation wherein the scheduler is located in a first device and the entity

responsible to transmit the congestion indication(s) is located in a second

device. It should thus be understood that the scheduler may be located in a

physical device and the actual transmitter of the congestion indication may be

located in another physical device, as schematically illustrated in FIG. 16 .

It is also possible that the congestion indication is transmitted from another

device than the device receiving the uplink data and/or control channel(s).

The flow diagram or diagrams presented herein may be regarded as a computer

flow diagram or diagrams, when performed by one or more processors. A

corresponding apparatus may be defined as a group of function modules, where

each step performed by the processor corresponds to a function module. In this

case, the function modules are implemented as a computer program running

on the processor.



The computer program residing in memory may thus be organized as

appropriate function modules configured to perform, when executed by the

processor, at least part of the steps and/or tasks described herein.

FIG. 17 is a schematic block diagram illustrating an example of an apparatus

for enabling load control related to scheduling requests for uplink grants

according to an embodiment. The apparatus 400 comprises a generating

module 4 10 for generating a congestion indication, and an output module 420

for outputting the congestion indication for transmission to a group of wireless

communication devices for synchronized triggering of backoff procedures in the

wireless communication.

FIG. 18 is a schematic block diagram illustrating an example of an apparatus

for supporting operation of a wireless communication device according to an

embodiment. The apparatus 500 comprises an input module 5 10 for receiving

a congestion indication, and an initiating module 520 for initiating a backoff

procedure based on the received congestion indication to defer transmission of

scheduling request(s) until the backoff procedure is completed.

Alternatively it is possible to realize the module(s) predominantly by hardware

modules, or alternatively by hardware, with suitable interconnections between

relevant modules. Particular examples include one or more suitably configured

digital signal processors and other known electronic circuits, e.g. discrete logic

gates interconnected to perform a specialized function, and/or Application

Specific Integrated Circuits (ASICs) as previously mentioned. Other examples

of usable hardware include input/output (I/O) circuitry and/or circuitry for

receiving and/or sending signals. The extent of software versus hardware is

purely implementation selection.

The embodiments described above are merely given as examples, and it should

be understood that the proposed technology is not limited thereto. It will be



understood by those skilled in the art that various modifications, combinations

and changes may be made to the embodiments without departing from the

present scope as defined by the appended claims. In particular, different part

solutions in the different embodiments can be combined in other configurations,

where technically possible.



CLAIMS

1. A method for enabling load control related to scheduling requests for

uplink grants in a wireless communication system, wherein the method

comprises:

transmitting (S1 ) a congestion indication to a group of wireless

communication devices (20-1 , 20-2, 20-N) for synchronized triggering of

backoff procedures in the wireless communication devices.

2 . The method of claim 1, wherein repeated congestion indications are

transmitted and wherein a length of a time interval between repeated

transmissions of congestion indications is adapted according to a level of

congestion.

3 . The method of claim 2 , wherein congestion indications are transmitted

with a shorter length of the time interval when the level of congestion is higher

compared to when the level of congestion is lower.

4 . The method of any of the claims 1 to 3 , wherein the group of wireless

communication devices share the same uplink resources.

5 . The method of claim 4 , wherein the group of wireless communication

devices includes at least two wireless communication devices in a cell of the

wireless communication system.

6 . The method of any of the claims 1 to 5 , wherein synchronized triggering

is achieved by simultaneously transmitting the congestion indication to the

group of wireless communication devices.

7 . The method of any of the claims 1 to 6 , wherein a priority level of an event

that triggered a scheduling request is determined based on the time between



the most recently transmitted congestion indication and reception of the

scheduling request, and the determined priority level is used for determining

when to grant access to a shared uplink channel.

8 . A method performed by a wireless communication device (20; 200) in a

wireless communication system, wherein the method comprises:

receiving (S1 1) a congestion indication; and

initiating (S1 2) a backoff procedure based on the received

congestion indication to defer transmission of scheduling request(s) until the

backoff procedure is completed.

9 . The method of claim 8 , wherein the backoff procedure comprises a

process of backing off from transmission of a scheduling request during a

backoff time period, and the backoff procedure is completed when the backoff

time period has expired.

10 . The method of claim 9 , wherein at least two backoff procedures are

initiated based on the received congestion indication, and wherein the at least

two backoff procedures are configured to operate based on different backoff

parameters regulating the backoff time period.

11. The method of claim 10 , wherein the at least two backoff procedures are

associated with different priority levels corresponding to different priority levels

of data triggering the scheduling request(s).

12 . The method of claim 11, wherein an average backoff time period for a

backoff procedure associated with a lower priority level is longer than an

average backoff time period for a backoff procedure associated with a higher

priority level.



13 . The method of any of the claims 8 to 12 , wherein repeated congestion

indications are received and the backoff procedure is restarted based on each

congestion indication.

5 14 . A device ( 100) configured to enable load control related to scheduling

requests for uplink grants in a wireless communication system,

wherein the device ( 100) is configured to transmit a congestion indication

to a group of wireless communication devices (20-1 , 20-2, 20-N) for

synchronized triggering of backoff procedures in the wireless communication

i o devices .

15 . The device of claim 14 , wherein the device ( 100) is configured to transmit

repeated congestion indications and wherein a length of a time interval between

repeated congestion indications is adapted according to a level of congestion.

15

16 . The device of claim 15 , wherein the device ( 100) is configured to transmit

congestion indications with a shorter length of the time interval when the level

of congestion is higher compared to when the level of congestion is lower.

20 17 . The device of any of the claims 14 to 16 , wherein the device ( 100) is

configured to simultaneously transmit the congestion indication to the group of

wireless communication devices.

18 . The device of any of the claims 14 to 17 , wherein the device ( 100) is

25 configured to determine a priority level of an event that triggered a scheduling

request based on the time between the most recently transmitted congestion

indication and reception of the scheduling request, and configured to determine

when to grant access to a shared uplink channel at least partly based on the

determined priority level.

30



19 . The device of any of the claims 14 to 18 , wherein the device ( 100)

comprises a processor ( 1 10) and memory ( 120), said memory ( 120) comprising

instructions executable by said processor ( 1 10), whereby said processor ( 1 10)

is operative to enable load control related to scheduling requests.

5

20. An uplink scheduler ( 15) comprising a device ( 100) of any of the claims

14 to 19 .

2 1 . A network node ( 10) comprising a device ( 100) of any of the claims 14 to

10 19 .

22. The network node of claim 2 1 , wherein the network node ( 10) is a base

station.

15 23. A wireless communication device (20; 200) in a wireless communication

system,

wherein the wireless communication device (20; 200) is configured

to receive a congestion indication, and

wherein the wireless communication device (20; 200) is configured

20 to initiate a backoff procedure based on the received congestion indication to

defer transmission of scheduling request(s) until the backoff procedure is

completed.

24. The wireless communication device of claim 23, wherein the wireless

25 communication device (20; 200) is configured to back off from transmission of

a scheduling request during a backoff time period, and the backoff procedure is

completed when the backoff time period has expired.

25. The wireless communication device of claim 23 or 24, wherein the

30 wireless communication device (20; 200) is configured to receive more than one



congestion indication and to restart the backoff procedure based on each

congestion indication.

26. The wireless communication device of claim 24 or 25, wherein the

5 wireless communication device (20; 200) is configured to initiate at least two

backoff procedures based on the received congestion indication, and wherein

the at least two backoff procedures are configured to operate based on different

backoff parameters regulating the backoff time period.

10 27. The wireless communication device of claim 26, wherein the at least two

backoff procedures are associated with different priority levels corresponding

to different priority levels of data triggering the scheduling request(s).

28. The wireless communication device of any of the claims 23 to 27, wherein

15 the wireless communication device (20; 200) comprises a processor (21 0) and

memory (220), said memory (220) comprising instructions executable by said

processor (21 0), whereby said processor (21 0) is operative to initiate a backoff

procedure.

20 29. A computer program (325; 335) comprising instructions, which when

executed by at least one processor (31 0), cause the at least one processor to:

generate a congestion indication, and

output the congestion indication for transmission to a group of

wireless communication devices for synchronized triggering of backoff

25 procedures in the wireless communication devices.

30. A computer program (325; 335) comprising instructions, which when

executed by at least one processor (31 0), cause the at least one processor to:

read a congestion indication, and



initiate a backoff procedure based on the congestion indication to

defer transmission of scheduling request(s) until the backoff procedure is

completed.

3 1 . A computer-program product comprising a computer-readable medium

(320; 330) having stored thereon a computer program (325; 335) of claim 29 or

30.

32. An apparatus (400) for enabling load control related to scheduling

requests for uplink grants in a wireless communication system, wherein the

apparatus (400) comprises:

a generating module (41 0) for generating a congestion indication,

and

an output module (420) for outputting the congestion indication for

transmission to a group of wireless communication devices for synchronized

triggering of backoff procedures in the wireless communication.

33. An apparatus (500) for supporting operation of a wireless communication

device in a wireless communication system, wherein the apparatus (500)

comprises:

an input module (51 0) for receiving a congestion indication; and

an initiating module (520) for initiating a backoff procedure based on

the received congestion indication to defer transmission of scheduling

request(s) until the backoff procedure is completed.
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