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DECIDING TRANSMISSION PARAMETERS decisions received at said access network or another com 
munication device from one or more other communication 

This application is a national stage entry of PCT Appli - devices , or another scheduling decision made by said access 
cation No . PCT / EP2012 / 066289 , filed on Aug . 22 , 2012 , network or another communication device . 
entitled “ DECIDING TRANSMISSION PARAMETERS ” , 5 According to one embodiment , the transmission from said 
which is hereby incorporated by reference in its entirety . communication device is an uplink transmission to said 

In some communication systems , radio transmissions access network , and further comprising determining at said 
from a communication device within the coverage of an communication device which network cell exhibits the best access network and in the frequency spectrum managed by radio link with said communication device , and using said the access network involve making real time decisions about 10 network cell for communicating said provisional decision to transmission parameters for the transmissions . said access network . For example , in the case of uplink transmissions from There is also hereby provided a method comprising : communication devices to the access network , such deci 
sions are made at the access network based on information receiving from a communication device at an access net 
transmitted by the communication device . Efforts at improv - 15 Wor 15 work or another communication device a communication 
ing such decisions have been focussed on improving the about a provisional decision made at said communication 
communication of information from the communication device about one or more transmission parameters for a 
device to the access network . transmission from said communication device to said access 

The inventors for the present application have instead network or another communication device via radio 
developed a new approach for improving the deciding of 20 resources managed by the access network ; determining to 
transmission parameters for transmissions from communi what extent said initial scheduling decision can be accepted 
cation devices . by the access network or another communication device ; 

There is hereby provided a method comprising : making at and transmitting to said communication device an indication 
a communication device a provisional decision about one or of a final decision about the transmission parameters for said 
more transmission parameters for a transmission from said 25 transmission from said communication device to said access 
communication device to an access network or another network or another communication device . 
communication device via radio resources managed by an According to one embodiment , the method comprises : 
access network ; communicating said provisional decision to transmitting from said access network or another commu 
said access network or said another communication device ; nication device interference information about interference 
and receiving from said access network or said another 30 at the receiver for said transmission from said communica 
communication device an indication of a final decision about tion device , which interference information is of use by said 
the transmission parameters for said transmission from said communication device when making said provisional deci 
communication device to said access network or another sion . 
communication device . According to one embodiment , said receiver for said 

According to one embodiment , the method comprises : 35 transmission from said communication device comprises an 
detecting interference information transmitted by said array of receiving antennas ; and said interference informa 
access network or said another communication device about tion includes information about interference at each of said 
interference at the receiver for said transmission from said receiving antennas or group of antennas . 
communication device ; and wherein making said provi - According to one embodiment , said indication of a final 
sional decision is based partly on said interference informa - 40 decision about the transmission parameters for said trans 
tion transmitted by said access network or said another mission from said communication device to said access 
communication device . network or another communication device comprises an 

According to one embodiment , said receiver for said indication of the difference between said provisional deci 
transmission from said communication device comprises an s ion and said final decision . 
array of receiving antennas ; and said interference informa - 45 According to one embodiment , the method comprises : 
tion includes information about interference at each of said receiving at said access network or another communication 
receiving antennas or group of antennas . device from said communication device information that 

According to one embodiment , said transmission from facilitates a resolution at said access network or another 
said communication device is to another communication communication device of a conflict between said provisional 
device , and the method further comprises : detecting inter - 50 decision received from said communication device and one 
ference information transmitted by said another communi - or more other provisional decisions received from one or 
cation device about interference at the receiver for said more other communication devices , or another scheduling 
transmission ; and wherein making said provisional decision decision made by said access network or another commu 
is based partly on said interference information transmitted nication device . 
by said another communication device . 55 According to one embodiment , the one or more transmis 

According to one embodiment , said indication of a final sion parameters about which a provisional decision is made 
decision about the transmission parameters for said trans - at the communication device comprise one or more of the 
mission from said communication device to said access following : the number of physical resource blocks for the 
network or another communication device comprises an transmission from the communication device ; the frequency 
indication of the difference between said provisional deci - 60 and / or time resources for the transmission from the com 
sion and said final decision . munication device ; the modulation and coding scheme for 

According to one embodiment , the method comprises : the transmission from the communication device ; the trans 
also sending to said access network or another communica - port block size for the transmission from the communication 
tion device information that facilitates a resolution at said device ; the MIMO scheme for the transmission from the 
access network or another communication device of a con - 65 communication device ; the transmission rank for the trans 
flict between said provisional decision received from said mission from the communication device ; and the precoder 
communication device and one or more other provisional vector for the transmission from the communication device . 
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According to one embodiment , the transmission from the According to one embodiment , the memory and computer 

communication device is an uplink transmission to an access program code are further configured to , with the processor , 
node serving the communication device , and wherein the cause the apparatus to : also send to said access network or 
provisional decision made at the communication device is another communication device information that facilitates a 
made at least partly on the basis of one or more of the 5 resolution at said access network or another communication 
following : the current status of the transmission buffer at the device of a conflict between said provisional decision 
communication device ; an estimate of the pathloss for the received from said communication device and one or more 
link between the communication device and the access node other provisional decisions received at said access network 
serving the communication device ; channel state informa - or another communication device from one or more other 
tion for the link between the communication device and the 10 communication devices , or another scheduling decision 
access node serving the communication device ; interference made by said access network or another communication 
conditions in the cell serving the communication device ; and device . 
information about the interference conditions and / or sched - According to one embodiment , the transmission from said 
uling in one or more cells neighbouring the cell serving the communication device is an uplink transmission to said 
communication device . 15 access network , and the memory and computer program 

According to one embodiment , one or more of said code are further configured to , with the processor , cause the 
estimate of the pathloss for the link between the communi - apparatus to : determine at said communication device which 
cation device and the access node serving the communica - network cell exhibits the best radio link with said commu 
tion device ; and said channel state information for the link nication device , and use said network cell for communicat 
between the communication device and the access node 20 ing said provisional decision to said access network . 
serving the communication device , is derived from mea There is also hereby provided an apparatus comprising : a 
surements at said communication device of transmissions processor and memory including computer program code , 
made by the access node serving the communication device . wherein the memory and computer program code are con 

There is also provided an apparatus comprising : a pro - figured to , with the processor , cause the apparatus to : receive 
cessor and memory including computer program code , 25 from a communication device at an access network or 
wherein the memory and computer program code are con - another communication device a communication about a 
figured to , with the processor , cause the apparatus to : make provisional decision made at said communication device 
at a communication device a provisional decision about one about one or more transmission parameters for a transmis 
or more transmission parameters for a transmission from sion from said communication device to said access network 
said communication device to an access network or another 30 or another communication device via radio resources man 
communication device via radio resources managed by an aged by the access network ; determine to what extent said 
access network ; communicate said provisional decision to initial scheduling decision can be accepted by the access 
said access network or said another communication device ; network or another communication device ; and transmit to 
and receive from said access network or said another com - said communication device an indication of a final decision 
munication device an indication of a final decision about the 35 about the transmission parameters for said transmission 
transmission parameters for said transmission from said from said communication device to said access network or 
communication device to said access network or another another communication device . 
communication device . According to one embodiment , the memory and computer 

According to one embodiment , the memory and computer program code are further configured to , with the processor , 
program code are further configured to , with the processor , 40 cause the apparatus to : transmit from said access network or 
cause the apparatus to : detect interference information trans - another communication device interference information 
mitted by said access network or said another communica about interference at the receiver for said transmission from 
tion device about interference at the receiver for said trans - said communication device , which interference information 
mission from said communication device ; and wherein is of use by said communication device when making said 
making said provisional decision is based partly on said 45 provisional decision . 
interference information transmitted by said access network According to one embodiment , said receiver for said 
or said another communication device . transmission from said communication device comprises an 

According to one embodiment , said receiver for said array of receiving antennas ; and said interference informa 
transmission from said communication device comprises an tion includes information about interference at each of said 
array of receiving antennas ; and said interference informa - 50 receiving antennas or group of antennas . 
tion includes information about interference at each of said According to one embodiment , said indication of a final 
receiving antennas or group of antennas . decision about the transmission parameters for said trans 

According to one embodiment , said transmission from mission from said communication device to said access 
said communication device is to another communication network or another communication device comprises an 
device , and the memory and computer program code are 55 indication of the difference between said provisional deci 
further configured to , with the processor , cause the apparatus sion and said final decision . 
to : detect interference information transmitted by said According to one embodiment , the memory and computer 
another communication device about interference at the program code are further configured to , with the processor , 
receiver for said transmission , and making said provisional cause the apparatus to : receive at said access network or 
decision is based partly on said interference information 60 another communication device from said communication 
transmitted by said another communication device . device information that facilitates a resolution at said access 

According to one embodiment , said indication of a final network or another communication device of a conflict 
decision about the transmission parameters for said trans - between said provisional decision received from said com 
mission from said communication device to said access munication device and one or more other provisional deci 
network or another communication device comprises an 65 sions received from one or more other communication 
indication of the difference between said provisional deci - devices , or another scheduling decision made by said access 
sion and said final decision . network or another communication device . 
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According to one embodiment , the one or more transmis Embodiments of the present invention are described in 
sion parameters about which a provisional decision is made detail hereunder , by way of example only , with reference to 
at the communication device comprise one or more of the the accompanying drawings , in which : 
following : the number of physical resource blocks for the FIG . 1 illustrates an example of a cellular network in 
transmission from the communication device ; the frequency 5 which embodiments of the present invention are imple 
and / or time resources for the transmission from the com mented ; 
munication device ; the modulation and coding scheme for FIG . 2 illustrates an example of apparatus for use at 
the transmission from the communication device ; the trans eNodeB in FIG . 1 ; 

FIG . 3 illustrates an example of apparatus for use at user port block size for the transmission from the communication 
device ; the MIMO scheme for the transmission from the h 10 equipment in FIG . 1 ; and 

communication device ; the transmission rank for the trans FIGS . 4 and 5 illustrate an example of operations at user 
equipment and eNodeB in FIG . 1 in accordance with an mission from the communication device ; and the precoder embodiment of the present invention . vector for the transmission from the communication device . Levice . Embodiments of the invention are described in detail According to one embodiment , the transmission from the 15 the transmission from the 15 below , by way of example only , in the context of a cellular 

communication device is an uplink transmission to an access network operating in accordance with an E - UTRAN stan 
node serving the communication device , and wherein the dard . 
provisional decision made at the communication device is FIG . 1 illustrates an example of a cellular network in 
made at least partly on the basis of one or more of the which embodiments of the present invention can be imple 
following : the current status of the transmission buffer at the 20 mented . The cellular network includes cells 4 with trans 
communication device ; an estimate of the pathloss for the ceivers at eNodeBs ( eNBs ) 2 . Only nine cells ( and the three 
link between the communication device and the access node eNBs associated with said cells ) are shown in FIG . 1 , but a 
serving the communication device ; channel state informa mobile telecommunication network will typically comprise 
tion for the link between the communication device and the tens of thousands of cells . Each eNB 2 is connected by a 
access node serving the communication device ; interference 25 wired link to a core network ( not shown ) . 
conditions in the cell serving the communication device , and FIG . 2 shows a schematic view of an example of user 
information about the interference conditions and / or sched - equipment 8 that may be used for communicating with the 
uling in one or more cells neighbouring the cell serving the NBs 2 of FIG . 1 via a wireless interface . The user equip 
communication device . ment ( UE ) 8 may be used for various tasks such as making 
According to one embodiment , one or more of said 30 and receiving phone calls , for receiving and sending data 

estimate of the pathloss for the link between the communi - from and to a data network and for experiencing , for 
cation device and the access node serving the communica - example , multimedia or other content . 
tion device ; and said channel state information for the link . The UE 8 may be any device capable of at least sending 
between the communication device and the access node or receiving radio signals to or from the eNBs 2 of FIG . 1 . 
serving the communication device , is derived from mea - 35 Non - limiting examples include a mobile station ( MS ) , a 
surements at said communication device of transmissions portable computer provided with a wireless interface card or 
made by the access node serving the communication device . other wireless interface facility , personal data assistant 

There is also hereby provided a computer program prod ( PDA ) provided with wireless communication capabilities , 
uct comprising program code means which when loaded into or any combinations of these or the like . The UE 8 may 
a computer controls the computer to : make at a communi - 40 communicate via an appropriate radio interface arrangement 
cation device a provisional decision about one or more of the UE 8 . The interface arrangement may be provided for 
transmission parameters for a transmission from said com - example by means of a radio part and associated antenna 
munication device to an access network or another commu - arrangement . The antenna arrangement may be arranged 
nication device via radio resources managed by an access internally or externally to the UE 8 , and may include a 
network ; communicate said provisional decision to said 45 plurality of antennas capable of operating in the kind of 
access network or said another communication device ; and multi - layer transmission scheme described below . 
receive from said access network or said another commu - The UE 8 may be provided with at least one data 
nication device an indication of a final decision about the processing entity 203 and at least one memory or data 
transmission parameters for said transmission from said storage entity 217 for use in tasks it is designed to perform . 
communication device to said access network or another 50 The data processor 213 and memory 217 may be provided 
communication device . on an appropriate circuit board 219 and / or in chipsets . 

There is also hereby provided a computer program prod The user may control the operation of the UE 8 by means 
uct comprising program code means which when loaded into of a suitable user interface such as key pad 201 , voice 
a computer controls the computer to : receive from a com - commands , touch sensitive screen or pad , combinations 
munication device at an access network or another commu - 55 thereof or the like . A display 215 , a speaker and a micro 
nication device a communication about a provisional deci - phone may also be provided . Furthermore , the UE 8 may 
sion made at said communication device about one or more comprise appropriate connectors ( either wired or wireless ) 
transmission parameters for a transmission from said com - to other devices and / or for connecting external accessories , 
munication device to said access network or another com - for example hands - free equipment , thereto . 
munication device via radio resources managed by the 60 UE 8 may also be a relay node configured to relay 
access network ; determine to what extent said initial sched - transmissions from eNB 2 to one or more communication 
uling decision can be accepted by the access network or devices . 
another communication device ; and transmit to said com - FIG . 3 shows an example of apparatus for use at the eNBs 
munication device an indication of a final decision about the 2 of FIG . 1 and for serving the cell 4 in which UE 8 is 
transmission parameters for said transmission from said 65 located . The apparatus comprises a radio frequency antenna 
communication device to said access network or another array 301 configured to receive and transmit radio frequency 
communication device . signals ; radio frequency interface circuitry 303 configured to 
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interface the radio frequency signals received and transmit of shared spectrum usage among multiple operators ) ; and 
ted by the 8 - antenna array 301 and the data processor 306 . UE 8a listens for such information transmitted by the 
The radio frequency interface circuitry 303 may also be serving cell 4a and the information of this kind transmitted 
known as a transceiver . The apparatus also comprises an by neighbouring cells 4b ( STEP 400 ) . 
interface 309 via which it can send and receive information 5 UEs 8 may also transmit information about the levels of 
to and from one or more other network nodes . The data interference measured at their receiving antennas ; and , as 
processor 306 is configured to process signals from the radio mentioned below , UE Sa may additionally use this infor 
frequency interface circuitry 303 , control the radio fre - mation for initial scheduling decisions for device - to - device 
quency interface circuitry 303 to generate suitable RF sig ( D2D ) transmissions to other communication devices in the 
nals to communicate information to the UE 6 via the 10 frequency spectrum managed by the access network . 
wireless communications link , and also to exchange infor The use of interference level information from the serving 
mation with other network nodes via the interface 309 . The cell 4a , neighbouring cells 4b and other UEs 8b allows UE 
memory 307 is used for storing data , parameters and instruc - 8a to better take interference conditions properly into 
tions for use by the data processor 306 . account when making the initial scheduling decision , and to 

It would be appreciated that the apparatus shown in each 15 better optimise the initial scheduling decision for better 
of FIGS . 2 and 3 described above may comprise further avoiding inter - cell interference . 
elements which are not directly involved with the embodi The interference level information can be one of the 
ments of the invention described hereafter . following types : ( a ) measured interference level ( frequency 

FIGS . 4 and 5 illustrate an embodiment of the present and / or time specific ) ; and ( b ) predicted interference level 
invention for the example of an UL transmission from UE 20 ( frequency and / or time specific ) . Measured interference 
8a . The embodiment involves a scheduling and resource level is a measurement of interference and noise . 
allocation scheme for a time division duplexing ( TDD ) Based on the initial scheduling decision , UE Sa forms a 
system in which the scheduling functionality for an UL tentative resource request ( TRR ) message for sending to 
transmission from UE Sa is divided into two parts : ( 1 ) initial serving eNB 2a . The TRR message is recognised by serving 
scheduling is done by UE 8a ; and ( 2 ) final scheduling 25 eNB 2a as a scheduling request . The TRR message contains 
decision is made by eNB 2a . a tentative resource allocation decided by UE 8a . The TRR 

According to one example , UE sa makes an initial message could , for example , adopt the message format 
scheduling decision ( STEP 402 ) based on one or more of the currently proposed in LTE for communicating the grant of 
following types of information : radio resources for DL transmissions . The transmission 
( i ) information about amount of data buffered at UE 8a ; 30 parameters about which UE 8a makes an initial decision , 
( ii ) estimated pathloss information for the uplink between and for which information elements are included in the TRR 
UE 8a and the eNB 2a receiver for the serving cell 4a ; message , can include the following : 
( iii ) channel state information ( CSI ) for the uplink between ( a ) number of physical resource blocks ( PRBs ) to be used for 
UE 8a and the eNB 2a receiver for the serving cell 4a ; the uplink transmission : 
( iv ) interference conditions at the eNB 2a receiver for the 35 ( b ) frequency and ( or ) time resources for the uplink trans 
serving cell 4a ; and mission ; 
( v ) any information that might be available to UE 8a about ( c ) modulation and coding scheme for the UL transmission ; 
interference at the uplink receivers for neighbouring cells 4b ( d ) transport block size for the UL transmission ; 
and / or at other UEs 8b in the same cell 4a or neighbouring ( e ) type of multi - input multi - output ( MIMO ) scheme to be 
cells 4b . 40 used for the UL transmission ; 

Estimated pathloss information and CSI for the uplink ( f ) transmission rank for the UL transmission ; 
between UE 8a and the eNB 2a receiver for serving cell 4a ( g ) precoder vector for the UL transmission . 
in this TDD system can be derived by UE 8a from mea - The TRR message can additionally include information 
surements at UE Sa of transmissions made by the eNB 2a that is useful to serving eNB 2 for resolving conflicts that 
transmitter for the serving cell 4a . For example , UE Sa can 45 happen to arise between the initial scheduling decision made 
use the same measurements that UE 8a uses to provide by UE 8a and one or more initial scheduling decisions made 
channel state information to eNB 2a for configuring down at one or more other UEs 8b . Additional information can , for 
link transmissions in the serving cell 4a . example , be information about the priority status of UE Sa , 

In order to facilitate the initial scheduling decisions at UE and / or the connection or data for which the initial scheduling 
8a , each cell 4 transmits information about levels ( cell - 50 decision was made . This additional information can be used 
specific and frequency ( / time ) specific levels ) of interference by serving eNB 2a to prioritize received initial scheduling 
( e . g . interference over thermal noise ) measured at the eNB decisions in case several UEs 8 happen to request the same 
receiving antennas for that cell ; information about the UL resources . The additional information can also include 
planned scheduling decisions related to maximum ) inter - alternative preferred resource allocation options or channel 
ference level at the Rx side ; and information about power 55 state information in case serving eNB 2a cannot allocate the 
allocation . Information about planned scheduling decisions most preferred resources ( as defined by the initial scheduling 
can include , for example , information about semi - persistent decision ) . 
UL scheduling , and polling of other UEs etc . that may cause Serving eNB 2a can also derive additional information 
interference with the UL transmission from UE 8a , and vice from the initial scheduling decision . For example , serving 
versa . 60 eNB 2a can derive information about the amount of buffered 

The information transmitted by each cell 4 may include data at UE 8a from the modulation and coding scheme 
the applied and / or planned UL / DL ratio of the TDD system and / or transport block size decided by UE 8 and indicated in 
for that cell . The UL / DL ratio indicates the amount of time the TRR message . 
resources allocated to the uplink relative to the downlink . UE 8a transmits the TRR message to the serving eNB 2a 

The above - mentioned information can be transmitted by 65 ( STEP 404 ) . This transmission can be made via UL 
eNBs 2 as part of broadcasted system information ( SI ) , resources dedicated to UE 8a , or via resources that are not 
beacon signalling or via a cognitive pilot channel ( in the case dedicated to UE 8a but are contention based resources 
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10 

commonly available to a plurality of UEs 8 served by the 8a based on non - precoded reference signals and an explicit 
serving cell 4a . The TRR message could be multiplexed indication of the precoding vector / matrix for the transmis 
with UL data , whereby a data transmission for a transport sion ; or an enhanced transmission mode according to which 
block is accompanied by an indication of the initial sched reference signals are subjected to the same precoding as the 
uling decision for the next or some further transport block . 5 symbols generated from the bit stream containing the final 
A pre - defined format can be defined for the TRR message . scheduling grant information . 

Serving eNB 2a detects the TRR message ( STEP 406 ) . UE 8a detects the final scheduling grant ( STEP 412 ) ; and 
This may or may not involve blind decoding depending on makes an UL data transmission in accordance with the final 
the modulation method used for transmitting the TRR mes scheduling grant ( STEP 414 ) . 
sage . The TRR message may be transmitted via dedicated 10 One possible extension to the technique described above 
resources or via contention based common resources . is for UE sa to determine which cell has the best radio 

Serving eNB 2a makes the final scheduling decision conditions for UE 8a , and to transmit the TRR message to 
( STEP 408 ) based on the initial scheduling decision indi - that cell ( which may or may not be the serving cell ) . As 
cated in the TRR message . Serving eNB 2a includes a mentioned below , the above - described technique can also be 
Multi - User Scheduler that functions to coordinate UL trans - 15 used for transmissions between two UEs , including D2D 
missions from the plurality of UEs 8 in the serving cell , so transmissions as part of multi - hop uplink transmissions from 
as to avoid excessive interference at the receiving antennas a UE towards the access network . A UE could take radio 
for the serving cell 4a . The Multi - User Scheduler of Serving conditions into account when determining which one of a 
eNB 2a determines whether the initial scheduling decision plurality of neighbouring UEs to use for one hop of a 
indicated in the TRR message from UE Sa is compatible 20 multi - hop transmission towards the access network , and 
with initial scheduling decisions made by other UEs 8b in then transmit the TRR message to the selected neighbouring 
the serving cell 4a , and also with other scheduling decisions UE . 
made by Serving eNB 2a . In a simple embodiment , serving In the above - described technique , the use of measure 
eNB 2a either ( i ) accepts the initial scheduling decision and ments of downlink transmissions and interference informa 
allocates UL resources to UE 8a in accordance with the 25 tion transmitted by other UEs 8h for the initial scheduling 
initial scheduling decision , or ( ii ) allocates no UL resources decision enables improved utilization of channel reciprocity 
to UE Sa in response to the scheduling request , if the initial in the TDD system and support for distributed inter - cell 
scheduling decision does not meet predetermined conditions interference control ( ICIC ) functionality . 
for compatibility with TRR messages from other UEs 8b and In the above - described technique , making the initial 
also other scheduling decisions made by Serving eNB 2a . In 30 scheduling decision at UE 8a can enable more accurate UL 
a more sophisticated embodiment , serving eNB 2a either ( a ) resource allocation , because the scheduling decision can be 
confirms the initial scheduling decision or ( b ) decides on made closer in time to the UL data transmission for which 
changes to one or more of the transmission parameters about the scheduling decision is made . For example , the schedul 
which UE Sa made the initial scheduling decision . This final ing decision can be made on information about e . g . UE 
scheduling decision takes care of sharing the UL resource 35 buffer status and pathloss , that can be more real time than 
among multiple UEs 8 . could be possible in a system in which a significant amount 

Serving eNB 2a transmits a scheduling grant message of delay occurs between preparing such information at UE 
indicating the final scheduling decision to UE 8a ( STEP and making a scheduling decision at the access network 
410 ) . based on such information . 

There are different ways to design the scheduling grant 40 In the above - described technique , making the initial 
message . For example , it is possible to use an existing scheduling decision at UE 8a can reduce uplink signalling 
format that is specified as standard for existing techniques overhead by reducing the need for UE to transmit separate 
that do not involve the transmission of initial scheduling sounding reference signals and power headroom reports to 
grant decisions , or to use a different format . For example , a NB . 
scheduling grant message of reduced size can be achieved 45 In the above - described technique , constituting the final 
by only indicating in the scheduling grant message how the scheduling grant message as an indication of the differences 
final scheduling decision made by serving eNB 2a differs to between the initial scheduling decision and the final sched 
the initial scheduling decision made by UE 8a . On the other uling decision ( or in the simplest embodiment described 
hand , the use of an existing standard format has the advan - above , constituting the communication of the final schedul 
tage of reduced system complexity . 50 ing grant as a simple binary indication ( ACK / NACK ) of 

In the very simple embodiment mentioned above , serving whether or not the initial scheduling decision is accepted by 
eNB 2a can use simple ACK / NACK signaling to commu - serving eNB 2a ) , can reduce downlink signalling overhead . 
nication the result of its final decision whether to make a The above detailed description is provided for the 
scheduling grant in accordance with the initial scheduling example of an uplink transmission from a UE to an eNB . 
decision , or not to make any scheduling grant . 55 However , the same kind of technique can also be used for 

In the more sophisticated embodiment mentioned above , D2D transmissions from one UE to another UE , in which an 
efficient communication of the difference between the initial initial scheduling decision is made by the UE from which the 
scheduling decision and the final scheduling decision can be transmission is to be made , and sent to the UE that is receive 
achieved using index numbers that are mapped in a prede - the transmission to which the initial scheduling decision 
termined look - up table prestored at both UE 8a and serving 60 relates . The same kind of technique could also be used for 
eNB 2a to respective ones of possible differences between transmissions between eNBs , in which an initial scheduling 
an initial scheduling decision and a final scheduling deci - decision is made by the eNB from which the transmission is 

to be made , and sent to the eNB that is receive the trans 
The final scheduling grant can be sent via a physical mission to which the initial scheduling decision relates . 

downlink control channel ( e . g . PDCCH ) . The downlink 65 The above - described operations may require data pro 
control channel transmission can , for example , be a multi - cessing in the various entities . The data processing may be 
antenna precoded transmission which is demodulated at UE provided by means of one or more data processors . Similarly 

m 

sion . 
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various entities described in the above embodiments may be wherein the initial scheduling decisions are prioritized in 
implemented within a single or a plurality of data processing response to a resolution of a conflict , based on the 
entities and / or data processors . Appropriately adapted com priority status of the initial scheduling decision , 
puter program code product may be used for implementing between the initial scheduling decision received from 
the embodiments , when loaded to a computer . The program 5 the communication device and the one or more other 
code product for providing the operation may be stored on initial scheduling decisions from one or more other 
and provided by means of a carrier medium such as a carrier communication devices to change the one or more 
disc , card or tape . A possibility is to download the program transmission parameters of the initial scheduling deci 
code product via a data network . Implementation may be sion for the final scheduling decision . 
provided with appropriate software in a server . 10 2 . A method according to claim 1 , comprising : 
For example the embodiments of the invention may be detecting interference information transmitted by said 

implemented as a chipset , in other words a series of inte access network or said another communication device 
grated circuits communicating among each other . The chip about interference at the receiver for said transmission 
set may comprise microprocessors arranged to run code , from said communication device ; and 
application specific integrated circuits ( ASICs ) , or program - 15 wherein the determining an initial scheduling decision is 
mable digital signal processors for performing the opera based at least in part on said interference information 
tions described above . transmitted by said access network or said another Embodiments of the invention may be practiced in vari communication device . ous components such as integrated circuit modules . The 3 . A method according to claim 2 , wherein said receiver design of integrated circuits is by and large a highly auto 20 for said transmission from said communication device com mated process . Complex and powerful software tools are prises an array of receiving antennas ; and available for converting a logic level design into a semicon wherein said interference information includes informa ductor circuit design ready to be etched and formed on a tion about interference at each of said receiving anten semiconductor substrate . nas or group of antennas . Programs , such as those provided by Synopsys , Inc . of 4 . A method according to claim 1 , wherein said transmis Mountain View , Calif . and Cadence Design , of San Jose , 25 sion from said communication device is to another commu Calif . automatically route conductors and locate components nication device , and further comprising : on a semiconductor chip using well established rules of detecting interference information transmitted by said design as well as libraries of pre stored design modules . another communication device about interference at the Once the design for a semiconductor circuit has been receiver for said transmission ; and completed , the resultant design , in a standardized electronic 30 wherein the determining an initial scheduling decision is format ( e . g . , Opus , GDSII , or the like ) may be transmitted based at least in part on said interference information to a semiconductor fabrication facility or “ fab ” for fabrica transmitted by said another communication device . tion . 5 . A method according to claim 1 , wherein said indication In addition to the modifications explicitly mentioned of a final scheduling decision about the transmission param above , it will be evident to a person skilled in the art that 35 35 eters for said transmission from said communication device various other modifications of the described embodiment to said access network or another communication device may be made within the scope of the invention . comprises an indication of a difference between said initial 

scheduling decision and said final scheduling decision . The invention claimed is : 
1 . A method comprising : 6 . A method according to claim 1 , wherein the transmis 
determining , by a communication device based on chan - 40 40 sion from said communication device is an uplink transmis 

sion to said access network , the method further comprising : nel state information and an amount of data buffered at determining at said communication device which network the communication device , an initial scheduling deci cell exhibits a best radio link with said communication sion about one or more transmission parameters for a device , and using said network cell for communicating transmission from said communication device to an said provisional decision to said access network . access network or another communication device via 45 7 . A method comprising : radio resources managed by an access network , the one receiving from a communication device at an access or more transmission parameters including information network or another communication device an initial relating to an amount of resources for the transmission ; scheduling decision made at said communication communicating the initial scheduling decision to said device about one or more transmission parameters for access network or said another communication device ; 50 a transmission from said communication device to said and access network or another communication device via receiving , by the communication device from said access radio resources managed by the access network , the network or said another communication device , an initial scheduling decision indicating at least informa indication of a final scheduling decision about the tion relating to an amount of resources for the trans transmission parameters for said transmission from 55 mission and a priority status for the initial scheduling said communication device to said access network or decision ; another communication device , the final scheduling prioritizing , by the access network , the initial scheduling decision indicating a change to one or more of the decision based on the priority status ; transmission parameters as compared to the initial determining , by the access network or another commu scheduling decision ; 
wherein the method further comprises : 60 nication device based on the prioritizing , a final sched 

sending , by the communication device to said access uling decision for the transmission , the final scheduling 
network or another communication device , priority decision indicating a change to one or more of the 
information indicating a priority status for the initial transmission parameters as compared to the initial 
scheduling decision , the priority information to be scheduling decision ; and 
used by said access network or another communica - 65 transmitting by the access network or the another com 
tion device to prioritize initial scheduling decisions munication device to said communication device an 
received from different communication devices ; indication of the final scheduling decision about the 
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transmission parameters for said transmission from wherein the memory and computer code are further 
said communication device to said access network or configured to : 
another communication device ; send , to said access network or another communication 

wherein the method further comprises receiving at said device , priority information indicating a priority 
access network or another communication device one 5 status for the initial scheduling decision , the priority 
or more other initial scheduling decisions from one or information to be used by said access network or 
more other communication devices ; and another communication device to prioritize initial 

wherein the prioritizing the initial scheduling decision scheduling decisions received from different com 
comprises resolving a conflict , based on the priority munication devices ; 
status of the initial scheduling decision , between the wherein the initial scheduling decisions are prioritized in 
initial scheduling decision received from the commu response to a resolution of a conflict , based on the 
nication device and the one or more other initial priority status of the initial scheduling decision , 
scheduling decisions from one or more other commu between the initial scheduling decision received from 
nication devices , and changing one or more transmis - 15 the communication device and the one or more other 
sion parameters of the initial scheduling decision for initial scheduling decisions from one or more other 
the final scheduling decision . communication devices to change the one or more 

8 . A method according to claim 7 , comprising : transmission parameters of the initial scheduling deci 
transmitting from said access network or another com sion for the final scheduling decision . 

munication device interference information about inter - 2013 . An apparatus according to claim 12 , wherein the 
ference at the receiver for said transmission from said memory and computer program code are further configured 
communication device , which interference information to , with the processor , cause the apparatus to : 
is of use by said communication device when deter detect interference information transmitted by said access 
mining said initial scheduling decision . network or said another communication device about 

9 . A method according to claim 8 , wherein said receiver 25 interference at the receiver for said transmission from 
for said transmission from said communication device com said communication device ; and 
prises an array of receiving antennas ; and wherein the determining an initial scheduling decision is 

wherein said interference information includes informa based at least in part on said interference information 
tion about interference at each of said receiving anten transmitted by said access network or said another 
nas or group of antennas . 30 communication device . 

10 . A method according to claim 7 , wherein said indica - 14 . An apparatus according to claim 13 , wherein said 
tion of the final scheduling decision comprises an indication receiver for said transmission from said communication 
of a difference between said initial scheduling decision and device comprises an array of receiving antennas ; and 
said final scheduling decision . wherein said interference information includes informa 

11 . A method according to claim 7 , wherein one or more 35 tion about interference at each of said receiving anten 
of an estimate of a pathloss for a link between the commu nas or group of antennas . 
nication device and the access node serving the communi - 15 . An apparatus according to claim 12 , wherein said 
cation device , and channel state information for the link transmission from said communication device is to another 
between the communication device and the access node communication device , and wherein the memory and com 
serving the communication device , is derived from mea - 40 puter program code are further configured to , with the 
surements at said communication device of transmissions processor , cause the apparatus to : 
made by the access node serving the communication device . detect interference information transmitted by said 

12 . An apparatus comprising another communication device about interference at the 
a processor and memory including computer program receiver for said transmission , and 

code , wherein the memory and computer program code 45 wherein the determining an initial scheduling decision is 
are configured to , with the processor , cause the appa based at least in part on said interference information 
ratus to : transmitted by said another communication device . 

determine , by a communication device based on channel 16 . An apparatus according to claim 12 , wherein said 
state information and an amount of data buffered at the indication of a final scheduling decision about the transmis 
communication device , an initial scheduling decision 50 sion parameters for said transmission from said communi 
about one or more transmission parameters for a trans - cation device to said access network or another communi 
mission from said communication device to an access cation device comprises an indication of a difference 
network or another communication device via radio between said initial scheduling decision and said final sched 
resources managed by an access network , the one or uling decision . 
more transmission parameters including information 55 17 . An apparatus comprising : 
relating to an amount of resources for the transmission ; a processor and memory including computer program 

communicate the initial scheduling decision to said access code , wherein the memory and computer program code 
network or said another communication device ; and are configured to , with the processor , cause the appa 

receive , by the communication device from said access ratus to : 
network or said another communication device , an 60 receive from a communication device at an access net 
indication of a final scheduling decision about the work or another communication device an initial sched 
transmission parameters for said transmission from uling decision made at said communication device 
said communication device to said access network or about one or more transmission parameters for a trans 
another communication device , the final scheduling mission from said communication device to said access 
decision indicating a change to one or more of the 65 network or another communication device via radio 
transmission parameters as compared to the initial resources managed by the access network , the initial 
scheduling decision ; scheduling decision indicating at least information 

nas 
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relating to an amount of resources for the transmission information to be used by said access network or 
and a priority status for the initial scheduling decision ; another communication device to prioritize initial 

prioritize , by the access network , the initial scheduling scheduling decisions received from different com 
decision based on the priority status ; munication devices ; 

determine , by the access network or another communi - 5 wherein the initial scheduling decisions are prioritized in 
cation device based on the prioritizing , a final sched response to a resolution of a conflict , based on the uling decision for the transmission , the final scheduling priority status of the initial scheduling decision , decision indicating a change to one or more of the between the initial scheduling decision received from transmission parameters as compared to the initial the communication device and the one or more other scheduling decision ; and initial scheduling decisions from one or more other transmit by the access network or the another communi communication devices to change the one or more cation device to said communication device an indica transmission parameters of the initial scheduling deci tion of the final scheduling decision about the trans 
mission parameters for said transmission from said sion for the final scheduling decision . 
communication device to said access network or 15 19 . A non - transitory computer - readable storage medium 
another communication device ; storing instructions that when executed cause a processor to : 

wherein the computer program code is further configured receive from a communication device at an access net 
to receive at said access network or another commu work or another communication device an initial sched 
nication device one or more other initial scheduling uling decision made at said communication device 
decisions from one or more other communication 20 about one or more transmission parameters for a trans 
devices ; and mission from said communication device to said access 

wherein the computer program code configured to priori network or another communication device via radio 
tize the initial scheduling decision is further configured resources managed by the access network , the initial 
to resolve a conflict , based on the priority status of the scheduling decision indicating at least information 
initial scheduling decision , between the initial sched - 25 relating to an amount of resources for the transmission 
uling decision received from the communication device and a priority status for the initial scheduling decision ; 
and the one or more other initial scheduling decisions prioritize , by the access network , the initial scheduling 
from one or more other communication devices , and decision based on the priority status ; changing one or more transmission parameters of the determine , by the access network or another communi initial scheduling decision for the final scheduling 30 cation device based on the prioritizing , a final sched 
decision . uling decision for the transmission , the final scheduling 18 . A non - transitory computer - readable storage medium decision indicating a change to one or more of the storing instructions that when executed cause a processor to : transmission parameters as compared to the initial determine , by a communication device based on channel 
state information and an amount of data buffered at the 35 scheduling decision ; and 
communication device , an initial scheduling decision transmit by the access network or the another communi 
about one or more transmission parameters for a trans cation device to said communication device an indica 
mission from said communication device to an access tion of the final scheduling decision about the trans 
network or another communication device via radio mission parameters for said transmission from said 
resources managed by an access network , the one or 40 communication device to said access network or 
more transmission parameters including information another communication device ; 
relating to an amount of resources for the transmission ; wherein the instructions further cause the computer to 

communicate the initial scheduling decision to said access receive at said access network or another communica 
network or said another communication device ; and tion device one or more other initial scheduling deci 

receive , by the communication device from said access 45 sions from one or more other communication devices ; 
network or said another communication device , an 
indication of a final scheduling decision about the wherein the instructions that cause the computer to pri 
transmission parameters for said transmission from oritize the initial scheduling decision further cause the 
said communication device to said access network or computer to resolve a conflict , based on the priority 
another communication device , the final scheduling 50 status of the initial scheduling decision , between the 
decision indicating a change to one or more of the initial scheduling decision received from the commu transmission parameters as compared to the initial nication device and the one or more other initial scheduling decision ; scheduling decisions from one or more other commu wherein the instructions , when executed , further cause the nication devices , and changing one or more transmis processor to : 55 
send , to said access network or another communication sion parameters of the initial scheduling decision for 

the final scheduling decision . device , priority information indicating a priority 
status for the initial scheduling decision , the priority * * * * * 

and 


