
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
47

6 
17

2
B

1
*EP003476172B1*

(11) EP 3 476 172 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
25.12.2019 Bulletin 2019/52

(21) Application number: 17734937.0

(22) Date of filing: 22.06.2017

(51) Int Cl.:
H04W 74/08 (2009.01) H04W 72/12 (2009.01)

(86) International application number: 
PCT/US2017/038735

(87) International publication number: 
WO 2017/223307 (28.12.2017 Gazette 2017/52)

(54) RANDOM ACCESS COLLISION REDUCTION BASED ON MULTIPLE UPLINK GRANTS

VERRINGERUNG VON DIREKTZUGRIFFSKOLLISIONEN AUF DER BASIS VON MEHREREN 
UPLINK-GENEHMIGUNGEN

RÉDUCTION DE COLLISION AU NIVEAU DE L’ACCÈS ALÉATOIRE BASÉE SUR DE MULTIPLES 
AUTORISATIONS DE LIAISON MONTANTE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 24.06.2016 US 201662354548 P
30.03.2017 US 201715474133

(43) Date of publication of application: 
01.05.2019 Bulletin 2019/18

(73) Proprietor: QUALCOMM Incorporated
San Diego, CA 92121-1714 (US)

(72) Inventors:  
• AGARWAL, Ravi

San Diego, California 92121-1714 (US)
• HORN, Gavin Bernard

San Diego, California 92121-1714 (US)
• JI, Tingfang

San Diego, California 92121-1714 (US)
• SORIAGA, Joseph Binamira

San Diego, California 92121-1714 (US)
• LUO, Tao

San Diego, California 92121-1714 (US)

(74) Representative: Wegner, Hans
Bardehle Pagenberg Partnerschaft mbB 
Patentanwälte, Rechtsanwälte 
Prinzregentenplatz 7
81675 München (DE)

(56) References cited:  
EP-A1- 2 182 766 US-A1- 2011 128 928
US-A1- 2014 362 780  

• QUALCOMM INCORPORATED: "Considerations 
on RA procedure in NR", 3GPP DRAFT; 
R2-1703570 CONSIDRATIONS ON RA 
PROCEDURE IN NR, 3RD GENERATION 
PARTNERSHIP PROJECT (3GPP), MOBILE 
COMPETENCE CENTRE ; 650, ROUTE DES 
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS 
CEDEX ; FRANCE , vol. RAN WG2, no. Spokane, 
USA; 20170403 - 20170407 25 March 2017 
(2017-03-25), XP051254507, Retrieved from the 
Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG2_RL 
2/TSGR2_97bis/Docs/ [retrieved on 2017-03-25]

• "3rd Generation Partnership Project; Technical 
Specification Group Radio Access Network; 
Evolved Universal Terrestrial Radio Access 
(E-UTRA); Medium Access Control (MAC) 
protocol specification (Release 13)", 3GPP 
STANDARD; 3GPP TS 36.321, 3RD GENERATION 
PARTNERSHIP PROJECT (3GPP), MOBILE 
COMPETENCE CENTRE ; 650, ROUTE DES 
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS 
CEDEX ; FRANCE, vol. RAN WG2, no. V13.1.0, 1 
April 2016 (2016-04-01), pages 1-85, 
XP051088535, [retrieved on 2016-04-01]



EP 3 476 172 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

INTRODUCTION

[0001] The present disclosure, for example, relates to
wireless communication systems, and more particularly
to random access collision reduction based on multiple
uplink grants.
[0002] Wireless communication systems are widely
deployed to provide various types of communication con-
tent such as voice, video, packet data, messaging, broad-
cast, and so on. These systems may be multiple-access
systems capable of supporting communication with mul-
tiple users by sharing the available system resources
(e.g., time, frequency, and power). Examples of such
multiple-access systems include code-division multiple
access (CDMA) systems, time-division multiple access
(TDMA) systems, frequency-division multiple access
(FDMA) systems, and orthogonal frequency-division
multiple access (OFDMA) systems.
[0003] In some examples, a wireless multiple-access
communication system may include a number of base
stations, each simultaneously supporting communica-
tion for multiple communication devices, otherwise
known as user equipments (UEs). In a Long-Term Evo-
lution (LTE) or LTE-Advanced (LTE-A) network, a set of
one or more base stations may define an eNodeB (eNB).
In other examples (e.g., in a next generation or 5G net-
work), a wireless multiple access communication system
may include a number of smart radio heads (radio heads
(RHs)) in communication with a number of access node
controllers (ANCs), where a set of one or more radio
heads, in communication with an ANC, may define an
eNB. A base station or radio head may communicate with
a set of UEs on downlink channels (e.g., for transmissions
from a base station or radio head to a UE) and uplink
channels (e.g., for transmissions from a UE to a base
station or radio head).
[0004] In some examples, a UE may perform a random
access procedure with a network access device (e.g., a
base station, an RH, an ANC, or an eNB). Other UEs
may additionally or alternatively perform a random ac-
cess procedure. When two or more UEs perform a ran-
dom access procedure based on the same random ac-
cess preamble, transmissions of the UEs may collide,
and none of the UEs may perform the random access
procedure successfully or access a network via the net-
work access device.
[0005] Document US 2014/362780 A1 discloses meth-
ods, systems, and apparatuses for wireless communica-
tions,. In one method a prioritized sequence of uplink
grants is received over downlink licensed spectrum, ap-
plicable to unlicensed spectrum carriers. The User Equip-
ment, UE, then performs clear channel assessment,
CCA, on at least one of the component carriers associ-
ated with the prioritized sequence of uplink grants.

SUMMARY

[0006] A method for wireless communication at a UE
is described. The method may include transmitting a ran-
dom access preamble, receiving a random access re-
sponse message that includes a plurality of uplink grants
associated with the random access preamble, selecting
an uplink grant from the plurality of uplink grants, and
transmitting using the selected uplink grant. Each uplink
grant in the plurality of uplink grants may be associated
with a different transmission resource.
[0007] An apparatus for wireless communication at a
UE is described. The apparatus may include means for
transmitting a random access preamble, means for re-
ceiving a random access response message that in-
cludes a plurality of uplink grants associated with the ran-
dom access preamble, means for selecting an uplink
grant from the plurality of uplink grants, and means for
transmitting using the selected uplink grant. Each uplink
grant in the plurality of uplink grants may be associated
with a different transmission resource.
[0008] Another apparatus for wireless communication
at a UE is described. The apparatus may include a proc-
essor, memory in electronic communication with the
processor, and instructions stored in the memory. The
instructions may be operable to cause the processor to
transmit a random access preamble, receive a random
access response message that includes a plurality of up-
link grants associated with the random access preamble,
select an uplink grant from the plurality of uplink grants,
and transmit using the selected uplink grant. Each uplink
grant in the plurality of uplink grants may be associated
with a different transmission resource.
[0009] A non-transitory computer-readable medium
for wireless communication at a UE is described. The
non-transitory computer-readable medium may include
instructions operable to cause a processor to transmit a
random access preamble, receive a random access re-
sponse message that includes a plurality of uplink grants
associated with the random access preamble, select an
uplink grant from the plurality of uplink grants, and trans-
mit using the selected uplink grant. Each uplink grant in
the plurality of uplink grants may be associated with a
different transmission resource.
[0010] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, a first transmission resource associated
with a first uplink grant and a second transmission re-
source associated with a second uplink grant may include
at least one of different transmission times, or different
transmission frequencies, or different scrambling codes,
or different channelization codes, or different beam indi-
ces, or different UE identifiers (IDs), or combinations
thereof.
[0011] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, selecting an uplink grant may include ran-
domly selecting an uplink grant from the plurality of uplink
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grants.
[0012] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, at least two of the uplink grants may be
associated with different feature sets, and the selected
uplink grant may be selected based at least in part on a
feature set supported by the UE.
[0013] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, at least two of the uplink grants may be
associated with different maximum channel bandwidths,
and the selected uplink grant may be selected based at
least in part on a maximum channel bandwidth supported
by the UE.
[0014] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, at least two of the uplink grants may be
associated with different payload sizes, and the selected
uplink grant may be selected based at least in part on an
amount of data in a transmit buffer of the UE.
[0015] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, at least two of the uplink grants may be
associated with at least one of different sets of services,
or different service requirements, or different quality of
service (QoS) profiles, or different access priorities, or
different slices, or combinations thereof, and wherein the
selected uplink grant is selected based at least in part on
a service used by the UE, or a service requirement of the
UE, or a QoS requirement of the UE, or an access priority
of the UE, or different slices, or combinations thereof.
[0016] A method for wireless communication at a net-
work access device is described. The method may in-
clude receiving a random access preamble, and trans-
mitting a random access response message that in-
cludes a plurality of uplink grants associated with the ran-
dom access preamble. Each uplink grant in the plurality
of uplink grants may be associated with a different trans-
mission resource.
[0017] An apparatus for wireless communication at a
network access device is described. The apparatus may
include means for receiving a random access preamble,
and means for transmitting a random access response
message that includes a plurality of uplink grants asso-
ciated with the random access preamble. Each uplink
grant in the plurality of uplink grants may be associated
with a different transmission resource.
[0018] Another apparatus for wireless communication
at a network access device is described. The apparatus
may include a processor, memory in electronic commu-
nication with the processor, and instructions stored in the
memory. The instructions may be operable to cause the
processor to receive a random access preamble, and
transmit a random access response message that in-
cludes a plurality of uplink grants associated with the ran-
dom access preamble. Each uplink grant in the plurality
of uplink grants may be associated with a different trans-
mission resource.

[0019] A non-transitory computer-readable medium
for wireless communication at a network access device
is described. The non-transitory computer-readable me-
dium may include instructions operable to cause a proc-
essor to receive a random access preamble, and transmit
a random access response message that includes a plu-
rality of uplink grants associated with the random access
preamble. Each uplink grant in the plurality of uplink
grants may be associated with a different transmission
resource.
[0020] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, a first transmission resource associated
with a first uplink grant and a second transmission re-
source associated with a second uplink grant may include
at least one of different transmission times, or different
transmission frequencies, or different scrambling codes,
or different channelization codes, or different beam indi-
ces, or different UE IDs, or combinations thereof.
[0021] Some examples of the method, apparatus, and
non-transitory computer-readable medium described
above may further include processes, features, means,
or instructions for receiving transmissions from at least
two UEs on transmission resources associated with at
least two uplink grants in the plurality of uplink grants.
[0022] Some examples of the method, apparatus, and
non-transitory computer-readable medium described
above may further include processes, features, means,
or instructions for identifying a number of uplink grants
in the plurality of uplink grants based at least in part on
a network load, or an estimate of a number of collisions
between transmissions of the random access preamble
by different UEs, or an estimate of a number of collisions
between transmissions by different UEs using a same
uplink grant included in the random access response
message, or a number of channel elements in a receiver
of the network access device, or a number of available
transmission resources, or a time of receipt of the random
access preamble, or combinations thereof.
[0023] Some examples of the method, apparatus, and
non-transitory computer-readable medium described
above may further include processes, features, means,
or instructions for associating at least two of the uplink
grants with different feature sets, or different maximum
channel bandwidths, or different payload sizes, or differ-
ent sets of services, or different service requirements, or
different QoS profiles, or different access priorities, or
different slices, or combinations thereof.
[0024] Some examples of the method, apparatus, and
non-transitory computer-readable medium described
above may further include processes, features, means,
or instructions for receiving a transmission, from a UE,
on a transmission resource associated with an uplink
grant in the plurality of uplink grants. The method, appa-
ratus, and non-transitory computer-readable medium
may further include processes, features, means, or in-
structions for identifying, based at least in part on the
transmission resource on which the transmission is re-
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ceived, at least one of a feature set supported by the UE,
or a channel bandwidth supported by the UE, or an
amount of data in a transmit buffer of the UE, or a service
used by the UE, or a service requirement of the UE, or
a QoS requirement of the UE, or an access priority of the
UE, or different slices, or combinations thereof.
[0025] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, the identified number of uplink grants may
comprise of one uplink grant. In other examples, the iden-
tified number of uplink grants may include a plurality of
uplink grants.
[0026] Another method for wireless communication at
a network access device is described. The method may
include receiving a random access preamble, identifying
a number of uplink grants to associate with the random
access preamble, and transmitting a random access re-
sponse message including the identified number of uplink
grants. The identified number of uplink grants may in-
clude at least one uplink grant associated with at least
one transmission resource. The identified number of up-
link grants may be based at least in part on a time-variable
parameter.
[0027] Another apparatus for wireless communication
at a network access device is described. The apparatus
may include means for receiving a random access pre-
amble, means for identifying a number of uplink grants
to associate with the random access preamble, and
means for transmitting a random access response mes-
sage including the identified number of uplink grants. The
identified number of uplink grants may include at least
one uplink grant associated with at least one transmis-
sion resource. The identified number of uplink grants may
be based at least in part on a time-variable parameter.
[0028] Another apparatus for wireless communication
at a network access device is described. The apparatus
may include a processor, memory in electronic commu-
nication with the processor, and instructions stored in the
memory. The instructions may be operable to cause the
processor to receive a random access preamble, identify
a number of uplink grants to associate with the random
access preamble, and transmit a random access re-
sponse message including the identified number of uplink
grants. The identified number of uplink grants may in-
clude at least one uplink grant associated with at least
one transmission resource. The identified number of up-
link grants may be based at least in part on a time-variable
parameter.
[0029] Another non-transitory computer-readable me-
dium for wireless communication at a network access
device is described. The non-transitory computer-read-
able medium may include instructions operable to cause
a processor to receive a random access preamble, iden-
tify a number of uplink grants to associate with the ran-
dom access preamble, and transmit a random access
response message including the identified number of up-
link grants. The identified number of uplink grants may
include at least one uplink grant associated with at least

one transmission resource. The identified number of up-
link grants may be based at least in part on a time-variable
parameter.
[0030] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, the number of uplink grants may be iden-
tified based at least in part on a network load, or an es-
timate of a number of collisions between transmissions
of the random access preamble by different UEs, or an
estimate of a number of collisions between transmissions
by different UEs using a same uplink grant included in
the random access response message, or a number of
channel elements in a receiver of the network access
device, or a number of available transmission resources,
or a time of receipt of the random access preamble, or
combinations thereof.
[0031] In some examples of the method, apparatus,
and non-transitory computer-readable medium de-
scribed above, the identified number of uplink grants may
comprise of one uplink grant. In other examples, the iden-
tified number of uplink grants may include a plurality of
uplink grants.
[0032] Some examples of the method, apparatus, and
non-transitory computer-readable medium described
above may further include processes, features, means,
or instructions for receiving a transmission, from a UE,
on a transmission resource associated with an uplink
grant in the plurality of uplink grants. The method, appa-
ratus, and non-transitory computer-readable medium
may further include processes, features, means, or in-
structions for identifying, based at least in part on the
transmission resource on which the transmission is re-
ceived, at least one of a feature set supported by the UE,
or a channel bandwidth supported by the UE, or an
amount of data in a transmit buffer of the UE, or a service
used by the UE, or a service requirement of the UE, or
a QoS requirement of the UE, or an access priority of the
UE, or different slices, or combinations thereof.
[0033] The foregoing has outlined rather broadly the
techniques and technical advantages of examples ac-
cording to the disclosure in order that the detailed de-
scription that follows may be better understood. Addition-
al techniques and advantages will be described herein-
after. The conception and specific examples disclosed
may be readily utilized as a basis for modifying or de-
signing other structures for carrying out the same pur-
poses of the present disclosure. Such equivalent con-
structions do not depart from the scope of the appended
claims. Characteristics of the concepts disclosed herein,
both their organization and method of operation, together
with associated advantages will be better understood
from the following description when considered in con-
nection with the accompanying figures. Each of the fig-
ures is provided for the purpose of illustration and de-
scription, and not as a definition of the limits of the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034] A further understanding of the nature and ad-
vantages of the present disclosure may be realized by
reference to the following drawings. In the appended fig-
ures, similar components or functions may have the
same reference label. Further, various components of
the same type may be distinguished by following the ref-
erence label by a dash and a second label that distin-
guishes among the similar components. If just the first
reference label is used in the specification, the descrip-
tion is applicable to any one of the similar components
having the same first reference label irrespective of the
second reference label.

FIG. 1 illustrates an example of a wireless commu-
nication system, in accordance with one or more as-
pects of the present disclosure;

FIG. 2 shows a message flow between a UE and a
network access device during performance of a con-
tention-based random access procedure, in accord-
ance with one or more aspects of the present disclo-
sure;

FIG. 3 shows examples of random access preamble
selections and uplink grant selections made by a plu-
rality of UEs when performing respective random ac-
cess procedures at the same time, in accordance
with one or more aspects of the present disclosure;

FIG. 4 shows examples of random access preamble
selections and uplink grant selections made by a plu-
rality of UEs when performing respective random ac-
cess procedures at the same time, in accordance
with one or more aspects of the present disclosure;

FIG. 5 shows a block diagram of an apparatus for
use in wireless communication, in accordance with
one or more aspects of the present disclosure;

FIG. 6 shows a block diagram of a wireless commu-
nication manager for use in wireless communication,
in accordance with one or more aspects of the
present disclosure;

FIG. 7 shows a block diagram of an apparatus for
use in wireless communication, in accordance with
one or more aspects of the present disclosure;

FIG. 8 shows a block diagram of a wireless commu-
nication manager for use in wireless communication,
in accordance with one or more aspects of the
present disclosure;

FIG. 9 shows a block diagram of a UE for use in
wireless communication, in accordance with one or
more aspects of the present disclosure;

FIG. 10 shows a block diagram of a network access
device for use in wireless communication, in accord-
ance with one or more aspects of the present disclo-
sure;

FIG. 11 is a flow chart illustrating an example of a
method for wireless communication at a UE, in ac-
cordance with one or more aspects of the present
disclosure;

FIG. 12 is a flow chart illustrating an example of a
method for wireless communication at a network ac-
cess device, in accordance with one or more aspects
of the present disclosure;

FIG. 13 is a flow chart illustrating an example of a
method for wireless communication at a network ac-
cess device, in accordance with one or more aspects
of the present disclosure; and

FIG. 14 is a flow chart illustrating an example of a
method for wireless communication at a network ac-
cess device, in accordance with one or more aspects
of the present disclosure.

DETAILED DESCRIPTION

[0035] The present disclosure describes techniques
for reducing random access collisions between two or
more UEs. At times (e.g., when initially accessing a net-
work, or during a handover), a UE may perform a random
access procedure with a network access device. Some
random access procedures (e.g., random access proce-
dures performed when initially accessing a network) may
be contention-based, meaning that two or more UEs may
perform a random access procedure at the same time
and contend for the same random access resources.
When each UE performs its random access procedure
using different resources, the random access procedures
performed by the UEs may all be performed successfully
(e.g., when performing a random access procedure to
initially access a network, a UE may succeed in obtaining
access to the network). However, in some instances, two
or more UEs may perform their random access proce-
dures using the same resource(s), and in these instanc-
es, the random access procedures performed by one or
more (or all) of the UEs may not complete successfully.
The UE(s) for which random access procedures do not
complete successfully may have to perform their random
access procedure again. Failure to complete a random
access procedure successfully may result in inefficiency
and delay (e.g., a delay in obtaining access to a network).
[0036] In some contention-based random access pro-
cedures, a UE may randomly select a random access
preamble from a set of predetermined preamble se-
quences and transmit a message including the random
access preamble to a network access device. When a
random access preamble is randomly selected by a UE,
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it is possible that two or more UEs may select the same
random access preamble.
[0037] Upon receiving a message including a random
access preamble, a network access device may be un-
aware of whether one, two, or more UEs transmitted the
same message including the same random access pre-
amble (e.g., because all of the UEs may transmit the
same random access preamble on the same re-
source(s)). In response to receiving a random access
preamble, a network access device may transmit a ran-
dom access response message. The random access re-
sponse message may include an uplink grant that a UE
may use to transmit a first scheduled uplink transmission
to the network access device. Because, at the time the
network access device transmits the random access re-
sponse message, the network access device does not
know the identity (or identities) of the UE or UEs that
transmitted a message including a random access pre-
amble, the uplink grant may not be specific to any par-
ticular UE, and any UE may use the uplink grant to make
a first scheduled uplink transmission to the network ac-
cess device. Thus, when two or more UEs transmit a
message including the same random access preamble,
all of these UEs may transmit a first scheduled uplink
transmission using the same uplink grant, resulting in
contention. A network access device may be unable to
resolve such contention.
[0038] To reduce the probability of collisions between
first scheduled uplink transmissions of different UEs (i.e.,
different UEs that transmit messages including the same
random access preamble at the same time), a network
access device may transmit a random access response
message that includes a plurality of uplink grants (e.g.,
N uplink grants, where N is an integer greater than or
equal to 2). Each uplink grant in the plurality of uplink
grants may be associated with a different transmission
resource, such that first scheduled uplink transmissions
by different UEs using different uplink grants will not col-
lide. If UEs select uplink grants at random, the probability
that first scheduled uplink transmissions of UEs perform-
ing random access procedures based on the same ran-
dom access preamble, at the same time, may be reduced
by a factor of N. Additionally or alternatively, a network
access device may transmit a random access response
message that includes one or more uplink grants, with
the number of uplink grants that are included in the ran-
dom access response message being determined based
at least in part on a time-variable parameter. In some
examples, the time-variable parameter may be based on
factors such as a network load or an estimated number
of random access collisions. In this manner, measures
may be taken to reduce random access collisions at times
when random access collisions are believed to be more
likely.
[0039] The following description provides examples,
and is not limiting of the scope, applicability, or examples
set forth in the claims. Changes may be made in the
function and arrangement of elements discussed without

departing from the scope of the disclosure. Various ex-
amples may omit, substitute, or add various procedures
or components as appropriate. For instance, the methods
described may be performed in an order different from
that described, and various operations may be added,
omitted, or combined. Additionally or alternatively, fea-
tures described with respect to some examples may be
combined in other examples.
[0040] FIG. 1 illustrates an example of a wireless com-
munication system 100, in accordance with one or more
aspects of the present disclosure. The wireless commu-
nication system 100 may include network access devices
(e.g., base stations 105, gNodeBs (gNBs), and/or radio
heads (RHs)), UEs 115, and a core network 130. The
core network 130 may provide user authentication, ac-
cess authorization, tracking, Internet Protocol (IP) con-
nectivity, and other access, routing, or mobility functions.
The base stations 105 may interface with the core net-
work 130 through backhaul links 132 (e.g., S1, etc.) and
may perform radio configuration and scheduling for com-
munication with the UEs 115, or may operate under the
control of a base station controller (not shown). In various
examples, the base stations 105 may communicate, ei-
ther directly or indirectly (e.g., through core network 130),
with each other over backhaul links 134 (e.g., X1, etc.),
which may be wired or wireless communication links.
Wireless communication system 100 may support syn-
chronous or asynchronous operation.
[0041] The core network 130 may provide user authen-
tication, access authorization, tracking, IP connectivity,
and other access, routing, or mobility functions. At least
some of the network access devices 105 (e.g., eNBs,
gNBs) 105-a or ANCs may interface with the core network
130 through backhaul links 132 (e.g., S1, etc.) and may
perform radio configuration and scheduling for commu-
nication with the UEs 115. In various examples, the ANCs
may communicate, either directly or indirectly (e.g.,
through core network 130), with each other over backhaul
links 134 (e.g., X1, X2, etc.), which may be wired or wire-
less communication links. A UE 115 may communicate
with the core network 130 through communication link
135. Each ANC may additionally or alternatively commu-
nicate with a number of UEs 115 through a number of
smart radio heads. In an alternative configuration of the
wireless communication system 100, the functionality of
an ANC may be provided by a radio head or distributed
across the radio heads of an eNB.
[0042] The base stations 105 may wirelessly commu-
nicate with the UEs 115 via one or more base station
antennas. Each of the base stations 105 may provide
communication coverage for a respective geographic
coverage area 110. In some examples, a base station
105 may be referred to as a base transceiver station, a
radio base station, an access point, a radio transceiver,
a NodeB, an eNB, a Home NodeB, a Home eNodeB, or
some other suitable terminology. The geographic cover-
age area 110 for a base station 105 may be divided into
sectors making up a portion of the coverage area (not
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shown). The wireless communication system 100 may
include base stations 105 of different types (e.g., macro
or small cell base stations). There may be overlapping
geographic coverage areas 110 for different technolo-
gies.
[0043] In some examples, the wireless communication
system 100 may include a new radio (i.e., 5G) network.
In some examples, the wireless communication system
100 may include an LTE/LTE-A network. In LTE/LTE-A
networks, the term eNB may be used to describe the
base stations 105. The wireless communication system
100 may be a Heterogeneous LTE/LTE-A network in
which different types of eNBs provide coverage for var-
ious geographical regions. For example, each eNB or
base station 105 may provide communication coverage
for a macro cell, a small cell, or other types of cell. The
term "cell" is a 3GPP term that can be used to describe
a base station, a radio head, a carrier or component car-
rier associated with a base station or a radio head, or a
coverage area (e.g., sector, etc.) of a carrier or base sta-
tion, depending on context.
[0044] A macro cell may cover a relatively large geo-
graphic area (e.g., several kilometers in radius) and may
allow unrestricted access by UEs with service subscrip-
tions with the network provider. A small cell may be a
lower-powered base station, as compared with a macro
cell that may operate in the same or different (e.g., li-
censed, unlicensed, etc.) spectrums as macro cells.
Small cells may include pico cells, femto cells, and micro
cells according to various examples. A pico cell may cov-
er a relatively smaller geographic area and may allow
unrestricted access by UEs with service subscriptions
with the network provider. A femto cell additionally or
alternatively may cover a relatively small geographic area
(e.g., a home) and may provide restricted access by UEs
having an association with the femto cell (e.g., UEs in a
closed subscriber group (CSG), UEs for users in the
home, and the like). An eNB for a macro cell may be
referred to as a macro eNB. An eNB for a small cell may
be referred to as a small cell eNB, a pico eNB, a femto
eNB or a home eNB. An eNB may support one or multiple
(e.g., two, three, four, and the like) cells (e.g., component
carriers). A gNB for a macro cell may be referred to as a
macro gNB. A gNB for a small cell may be referred to as
a small cell gNB, a pico gNB, a femto gNB, or a home
gNB. A gNB may support one or multiple (e.g., two, three,
four, and the like) cells (e.g., component carriers).
[0045] The wireless communication system 100 may
support synchronous or asynchronous operation. For
synchronous operation, the base stations 105 may have
similar frame timing, and transmissions from different
base stations 105 may be approximately aligned in time.
For asynchronous operation, the base stations 105 may
have different frame timing, and transmissions from dif-
ferent base stations 105 may not be aligned in time. The
techniques described herein may be used for either syn-
chronous or asynchronous operations.
[0046] The communication networks that may accom-

modate some of the various disclosed examples may be
packet-based networks that operate according to a lay-
ered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PD-
CP) layer may be IP-based. A Radio Link Control (RLC)
layer may perform packet segmentation and reassembly
to communicate over logical channels. A Medium Access
Control (MAC) layer may perform priority handling and
multiplexing of logical channels into transport channels.
The MAC layer may additionally or alternatively use Hy-
brid ARQ (HARQ) to provide retransmission at the MAC
layer to improve link efficiency. In the control plane, the
Radio Resource Control (RRC) protocol layer may pro-
vide establishment, configuration, and maintenance of
an RRC connection between a UE 115 and the base
stations 105 or core network 130 supporting radio bear-
ers for the user plane data. At the physical (PHY) layer,
the transport channels may be mapped to physical chan-
nels.
[0047] The UEs 115 may be dispersed throughout the
wireless communication system 100, and each UE 115
may be stationary or mobile. A UE 115 may additionally
or alternatively include or be referred to by those skilled
in the art as a mobile station, a subscriber station, a mo-
bile unit, a subscriber unit, a wireless unit, a remote unit,
a mobile device, a wireless device, a wireless communi-
cation device, a remote device, a mobile subscriber sta-
tion, an access terminal, a mobile terminal, a wireless
terminal, a remote terminal, a handset, a user agent, a
mobile client, a client, or some other suitable terminology.
A UE 115 may be a cellular phone, a smart phone, a
personal digital assistant (PDA), a wireless modem, a
wireless communication device, a handheld device, a
tablet computer, a laptop computer, a cordless phone, a
wireless local loop (WLL) station, etc. A UE may be able
to communicate with various types of base stations and
network equipment, including macro eNBs, small cell
eNBs, relay base stations, and the like.
[0048] The communication links 125 shown in wireless
communication system 100 may include downlinks
(DLs), from a base station 105 to a UE 115, or uplinks
(ULs), from a UE 115 to a base station 105. The downlinks
may also be called forward links, while the uplinks may
also be called reverse links.
[0049] In some examples, each communication link
125 may include one or more carriers, where each carrier
may be a signal made up of multiple sub-carriers (e.g.,
waveform signals of different frequencies) modulated ac-
cording to the various radio technologies described
above. Each modulated signal may be transmitted on a
different sub-carrier and may carry control information
(e.g., reference signals, control channels, etc.), overhead
information, user data, etc. The communication links 125
may transmit bidirectional communications using a fre-
quency domain duplexing (FDD) operation (e.g., using
paired spectrum resources) or a time domain duplexing
(TDD) operation (e.g., using unpaired spectrum resourc-
es). Frame structures for FDD operation (e.g., frame
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structure type 1) and TDD operation (e.g., frame structure
type 2) may be defined.
[0050] In some examples of the wireless communica-
tion system 100, base stations 105, or UEs 115 may in-
clude multiple antennas for employing antenna diversity
schemes to improve communication quality and reliability
between base stations 105 and UEs 115. Additionally or
alternatively, base stations 105 or UEs 115 may employ
multiple-input, multiple-output (MIMO) techniques that
may take advantage of multi-path environments to trans-
mit multiple spatial layers carrying the same or different
coded data.
[0051] The wireless communication system 100 may
support operation on multiple cells or carriers, a feature
which may be referred to as carrier aggregation (CA) or
dual-connectivity operation. A carrier may also be re-
ferred to as a component carrier (CC), a layer, a channel,
etc. The terms "carrier," "component carrier," "cell," and
"channel" may be used interchangeably herein. Carrier
aggregation may be used with both FDD and TDD com-
ponent carriers.
[0052] In an LTE/LTE-A network, a UE 115 may be
configured to communicate using up to five CCs when
operating in a carrier aggregation mode or dual-connec-
tivity mode. One or more of the CCs may be configured
as a DL CC, and one or more of the CCs may be config-
ured as an uplink (UL) CC. Additionally or alternatively,
one of the CCs allocated to a UE 115 may be configured
as a primary CC (PCC), and the remaining CCs allocated
to the UE 115 may be configured as secondary CCs
(SCCs).
[0053] At times, a UE 115 may perform a random ac-
cess procedure with a network access device (e.g., a
base station 105). A UE 115 may perform a random ac-
cess procedure with a base station 105 of an LTE/LTE-
A network, for example, when initially accessing the
LTE/LTE-A network from an idle state (e.g., when per-
forming initial access from an RRC_IDLE state), or when
performing an RRC Connection Re-establishment pro-
cedure, or in conjunction with a handover procedure. The
performance of a random access procedure when initially
accessing a LTE/LTE-A network from an idle state is the
most common type of random access procedure. A UE
may additionally or alternatively perform a random ac-
cess procedure with a network access device upon
downlink data arrival when in an RRC_CONNECTED
state (e.g., when UL synchronization is "non-synchro-
nized"), or upon uplink data arrival when in an
RRC_CONNECTED state (e.g., when UL synchroniza-
tion is "non-synchronized," or when no Physical Uplink
Control Channel (PUCCH) resources are available for
transmitting a SR). A UE may additionally or alternatively
perform a random access procedure with a network ac-
cess device for a positioning purpose when in an
RRC_CONNECTED state (e.g., when a timing advance
is needed for UE positioning). In some examples, a UE
may perform a random access procedure with a network
access device in a CA or dual-connectivity scenario.

[0054] Random access procedures may be conten-
tion-based or non-contention-based. Contention-based
random access procedures are more common, and in-
clude random access procedures performed when ini-
tially accessing a LTE/LTE-A network from an idle state.
Non-contention-based random access procedures in-
clude, for example, random access procedures per-
formed in conjunction with a handover procedure. Tech-
niques described in the present disclosure pertain to a
contention-based random access procedure.
[0055] In some examples, a UE 115 may include a
wireless communication manager 520. The wireless
communication manager 520 may be used to transmit a
random access preamble (e.g., to a base station 105),
receive a random access response message that in-
cludes a plurality of uplink grants associated with the ran-
dom access preamble, select an uplink grant from the
plurality of uplink grants, and transmit using the selected
uplink grant (e.g., transmit a first scheduled uplink trans-
mission to the base station 105). Each uplink grant in the
plurality of uplink grants may be associated with a differ-
ent transmission resource, so that transmissions by mul-
tiple UEs 115 using multiple ones of the uplink grants do
not collide.
[0056] In some examples, a base station 105 may in-
clude a wireless communication manager 720. The wire-
less communication manager 720 may be used to re-
ceive a random access preamble from one or more of
the UEs 115, and transmit a random access response
message that includes a plurality of uplink grants asso-
ciated with the random access preamble. Each uplink
grant in the plurality of uplink grants may be associated
with a different transmission resource, so that transmis-
sions by multiple UEs 115 using multiple ones of the up-
link grants do not collide. In alternative examples, the
wireless communication manager 720 may be used to
receive a random access preamble from one or more of
the UEs 115, identify a number of uplink grants to asso-
ciate with the random access preamble, and transmit a
random access response message including the identi-
fied number of uplink grants. The identified number of
uplink grants may include a single uplink grant or a plu-
rality of uplink grants, each of which is associated with
at least one transmission resource. The identified
number of uplink grants may be based at least in part on
a time-variable parameter, such as a network load, or an
estimate of a number of collisions between transmissions
of the random access preamble by different UEs, or an
estimate of a number of collisions between transmissions
by different UEs using a same uplink grant included in
the random access response message, or a number of
channel elements in a receiver of the network access
device, or a number of available transmission resources,
or a time of receipt of the random access preamble, or
combinations thereof.
[0057] FIG. 2 shows a message flow 200 between a
UE 115-a and a network access device 205 during per-
formance of a contention-based random access proce-
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dure, in accordance with one or more aspects of the
present disclosure. The UE 115-a may be an example
of aspects of the UEs 115 described with reference to
FIG. 1. The network access device 205 may an example
of aspects of a base station 105 described with reference
to FIG. 1, or an example of aspects of an eNB, RH, ANC,
or access point, for example.
[0058] The message flow 200 includes four messages,
including a first message (Msg1) transmitted by the UE
115-a to the network access device 205 at 210, a second
message (Msg2) transmitted by the network access de-
vice 205 to the UE 115-a at 215, a third message (Msg3)
transmitted by the UE 115-a to the network access device
205 at 220, and a fourth message (Msg4) transmitted by
the network access device 205 to the UE 115-a at 225.
[0059] At 210, a message including a random access
preamble may be transmitted on a random access chan-
nel (RACH) of an uplink. In some examples, the random
access preamble may be selected from a plurality of pre-
amble sequences, such as a set of 64 preamble sequenc-
es associated with a cell. The UE 115-a may identify the
plurality of preamble sequences from system information
(SI) broadcast by the network access device 205. In some
examples, the preamble sequences may be divided into
two or more subsets, and the UE 115-a may select a
random access preamble from a predetermined or de-
rived one of the subsets.
[0060] At 215, and in response to detecting the random
access preamble transmitted at 210, the network access
device 205 may transmit a random access response
(RAR) message. In some examples, the RAR message
may be transmitted on a downlink shared channel (DL-
SCH), using a random access radio network temporary
identifier (RA-RNTI) as a physical ID. If the network ac-
cess device 205 does not detect the random access pre-
amble transmitted at 210, the network access device 205
will not transmit a RAR message at 215.
[0061] The RAR message may include, for example,
an index corresponding to the detected random access
preamble (e.g., an index of a detected preamble se-
quence), an uplink grant (e.g., a grant of transmission
resources on an uplink shared channel (UL-SCH), an
indication of a timing advance, or a temporary cell RNTI
(TC-RNTI). In some examples, multiple RAR messages
(e.g., RAR messages corresponding to different random
access preambles received from different UEs) may be
included in a single payload transmitted at 215.
[0062] Upon receiving one or more RAR messages
transmitted at 215, the UE 115-a may identify a RAR
message intended for the UE 115-a based at least in part
on detecting, in a RAR message, an index corresponding
to the random access preamble transmitted by the UE
115-a at 210. When multiple UEs transmit the same ran-
dom access preamble on the same transmission resourc-
es at 210, all of the UEs may use the same RA-RNTI and
identify the same RAR message (transmitted at 215) as
intended for itself.
[0063] At 220, the UE 115-a may transmit a first sched-

uled UL transmission using the transmission resources
associated with an uplink grant included in a RAR mes-
sage intended for the UE 115-a. The first scheduled UL
transmission may include an RRC Connection Request
message and include an identifier of the UE 115-a (i.e.,
a UE identifier). The first scheduled UL transmission may
be scrambled using a TC-RNTI included in the RAR mes-
sage intended for the UE 115-a. Upon transmitting a first
scheduled UL transmission at 220, the UE 115-a may
start a contention resolution timer.
[0064] When multiple UEs (i.e., two or more UEs)
transmit the same random access preamble on the same
transmission resources at 210, each of the UEs may
transmit a first scheduled UL transmission on the same
transmission resources at 220 and the transmissions
made by all of the UEs will collide. Additionally or alter-
natively, all of the UEs will receive and interpret the same
feedback for their transmissions at 220 (e.g., a HARQ
Acknowledgement (ACK) or Non-acknowledgement
(NACK) received on a Physical Hybrid-ARQ Indicator
Channel (PHICH) or Physical Downlink Control Channel
(PDCCH) and associated with the TC-RNTI included in
the RAR message transmitted at 215 for the UEs), and
will assume the feedback corresponds to their transmis-
sion at 220. When the feedback is a HARQ NACK (which
is likely), each of the UEs will perform a retransmission
of its transmission made at 220, on the same retransmis-
sion resources, leading to a collision between the retrans-
missions.
[0065] At 225, and in response to decoding the sched-
uled UL transmission of the UE 115-a at 220, the network
access device 205 may transmit a contention resolution
message to the UE 115-a. In some examples, the con-
tention resolution message may be transmitted on the
DL-SCH, and may be scrambled using the same TC-
RNTI used to scramble the scheduled UL transmission
transmitted at 220. However, if the network access de-
vice 205 cannot decode the scheduled UL transmission
transmitted at 220, the network access device 205 will
not transmit a contention resolution message at 225, and
the contention resolution timer started by the UE 115-a
may expire, thereby causing the UE 115-a to initiate a
new random access procedure.
[0066] The contention resolution message may in-
clude, for example, the UE identifier received in the
scheduled UL transmission transmitted at 225. The con-
tention resolution message may additionally or alterna-
tively include other information.
[0067] When multiple UEs make a first scheduled UL
transmission at 220, and the network access device 205
is able to decode one of the scheduled UL transmissions
despite the interference from other scheduled UL trans-
missions, the network access device 205 may transmit
a contention resolution message (at 225) that may be
decoded by each of the UEs. When the contention res-
olution message includes the UE’s UE identifier, the UE
may pass the contention resolution message to upper
layers its protocol stack, assume that its contention-
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based random access procedure was successful (or that
collision resolution was successful), and set its cell RNTI
(C-RNTI) to TC-RNTI. When the contention resolution
message does not include the UE’s UE identifier, or when
a UE does not receive the contention resolution message
before its contention resolution timer expires, the UE may
assume that its contention-based random access proce-
dure failed (or that collision resolution failed) and may
perform another contention-based random access pro-
cedure.
[0068] Following the successful performance of a con-
tention-based random access procedure, the UE 115-a
and network access device 205 may communicate via
downlink transmissions and/or uplink transmissions be-
ginning at 230.
[0069] When multiple UEs perform the random access
procedure described with reference to FIG. 2 and trans-
mit the same random access preamble on the same
transmission resource at 210, the UEs will transmit
scheduled UL transmissions (at 220) that collide and in-
terfere with each other. In some examples, the probability
of a collision occurring at 220 may be reduced by increas-
ing the number of preamble sequences from which a UE
may select a random access preamble for transmission
at 210. However, increasing the numbers of preamble
sequences increases the number of random access pre-
ambles that the network access device 205 has to mon-
itor for at 215, which can increase both the cost and power
consumption of a receiver of the network access device
205.
[0070] In some examples, the probability of a collision
occurring at 220 may be reduced by allocating different
access classes to different UEs, and allocating the dif-
ferent access classes different time slots of random ac-
cess transmission resources. In this manner, the random
access transmission load is distributed over a longer time
period. However, this approach can increase the latency
associated with random access.
[0071] In some examples, the probability of a collision
occurring at 220 may be reduced by allocating additional
transmission resources (e.g., unoccupied or available
transmission resources) for a UE to transmit a first sched-
uled UL transmission. For example, in response to de-
tecting a random access preamble, the network access
device 205 (or another network node to which the network
access device 205 is connected) may identify N uplink
grants associated with N different transmission resourc-
es, and transmit a random access response message
(at 215) including the N identified uplink grants. In some
examples, the N uplink grants may include a predeter-
mined or semi-static plurality of (e.g., two or more) uplink
grants. In some examples, the N uplink grants may be
identified periodically, or upon the occurrence of prede-
termined events, or for each random access preamble
received by the network access device 205. In some ex-
amples, the N uplink grants may include one uplink grant
or a plurality of uplink grants. In some examples, the N
uplink grants may be identified based at least in part on

a network load (e.g., a load on the network access device
205 or another network node), or an estimate of a number
of collisions between transmissions of a random access
preamble by different UEs, or an estimate of a number
of collisions between transmissions by different UEs us-
ing a same uplink grant included in a random access
response message, or a number of channel elements in
a receiver of the network access device 205, or a number
of available transmission resources, or a time of receipt
of a random access preamble, or combinations thereof.
UEs may select one of the N uplink grants for making a
first scheduled UL transmission at 220. The N different
transmission resources associated with the N different
uplink grants may differ, for example, based at least in
part on different transmission times, or different trans-
mission frequencies, or different scrambling codes, or
different channelization codes, or different beam indices,
or different UE IDs, or combinations thereof. If each UE
selects one of the N uplink grants randomly, the proba-
bility of a collision occurring at 220 may be reduced by a
factor of N. When the additional transmission resources
allocated for the N uplink grants include unoccupied or
available transmission resources, a scenario in which
some of the uplink grants are not selected or used by a
UE provides no loss in system capacity, because the
transmission resources would not have been used any-
way.
[0072] FIG. 3 shows examples of random access pre-
amble selections and uplink grant selections 300 made
by a plurality of UEs when performing respective random
access procedures at the same time, in accordance with
one or more aspects of the present disclosure. By way
of example, the selections are made by a first UE (e.g.,
a UE A), a second UE (e.g., a UE B), and a third UE (e.g.,
UE C). UE A, UE B, and UE C may be examples of as-
pects of the UEs 115 described with reference to FIG. 1
or 2.
[0073] As shown in FIG. 3, each of UE A, UE B, and
UE C may select a random access preamble from a set
of preamble sequences 305. By way of example, the set
of preamble sequences 305 is shown to include m pre-
amble sequences, including, for example, a Sequence
1, a Sequence 2, and a Sequence m. UE A and UE B
are shown to randomly select Sequence 1, and UE C is
shown to randomly select Sequence 2. Each of UE A,
UE B, and UE C may transmit its selected random access
preamble to a network access device. The transmission
of Sequence 1 by both UE A and UE B may cause the
network access device to receive greater energy Se-
quence 1 at a higher energy than Sequence 2.
[0074] Upon receipt of Sequence 1 and Sequence 2,
the network access device may identify a first number of
uplink grants 310-a to associate with Sequence 1, and a
second number of uplink grants 310-b to associate with
Sequence 2. By way of example, the network access
device is shown to identify n uplink grants for each of
Sequence 1 and Sequence 2, in which n includes a plu-
rality of uplink grants. The n uplink grants are shown to
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include Grant 1_1 (associated with TC-RNTI1_1), Grant
1_2 (associated with TC-RNTI1_2), and Grant 1_n (as-
sociated with TC-RNTI1 n) associated with Sequence 1,
and Grant 2_1 (associated with TC-RNTI2_1), Grant 2_2
(associated with TC-RNTI22), and Grant 2_n (associated
with TC-RNTI2 n) associated with Sequence 2. In other
examples, the network access device may identify one
uplink grant (e.g., n=1) for each of Sequence 1 and Se-
quence 2, or the network access device may identify dif-
ferent numbers of uplink grants for each of Sequence 1
and Sequence 2. The uplink grants associated with Se-
quence 1 may be transmitted by the network access de-
vice in a random access response message 315 includ-
ing a Response 1 (directed to UEs that transmitted a
random access preamble corresponding to Sequence 1)
and a Response 2 (directed to UEs that transmitted a
random access preamble corresponding to Sequence 2).
Alternatively, the uplink grants corresponding to Se-
quence 1 and Sequence 2 may be transmitted in different
random access response messages.
[0075] Each uplink grant included in the random ac-
cess response message(s) transmitted by the network
access device may be associated with a different trans-
mission resource, so that when each of UE A, UE B, and
UE C selects a different uplink grant for transmitting a
first scheduled UL transmission, the scheduled UL trans-
missions are transmitted using different transmission re-
sources and do not collide. In some examples, the dif-
ferent transmission resources associated with the differ-
ent uplink grants may include at least one of different
transmission times, or different transmission frequen-
cies, or different scrambling codes, or different channeli-
zation codes, or different beam indices, or different UE
IDs, or combinations thereof. FIG. 3 shows an example
in which different uplink grants may be associated with
different time resources and/or frequency resources.
[0076] At 320, each of UE A, UE B, and UE C may
select an uplink grant associated with the preamble se-
quence on which its random access preamble was
based. In some examples, the uplink grants may be ran-
domly selected by the UEs. By way of example, FIG. 3
shows UE A having selected Grant 1_1 (at 320-a), UE B
having selected Grant 1_n (at 320-b), and UE C having
selected Grant 2_2 (at 320-c). Because UE A and UE B
selected different uplink grants associated with different
transmission resources, their scheduled UL transmis-
sions (e.g., at 220 of FIG. 2) will not collide. Additionally
or alternatively, the scheduled UL transmission of UE C
will not collide with the scheduled UL transmissions of
UE A and UE B (e.g., at 220) because its schedule UL
transmission is transmitted using different transmission
resources that differ from the transmission resources
used by UE A and UE B.
[0077] In some examples, the timing advance (TA)
used for the uplink grants associated with Sequence 1
may differ from the TA used for the uplink grants asso-
ciated with Sequence 2 (e.g., TA1 may be associated
with Sequence 1, and TA2 may be associated with Se-

quence 2), but the same TA (e.g., TA1) may be used for
the uplink grants associated with Sequence 1, and the
same TA (e.g., TA2) may be used for the uplink grants
associated with Sequence 2. Alternatively, the same TA
may be used for both the uplink grants associated with
Sequence 1 and the uplink grants associated with Se-
quence 2, or different TAs may be used for different uplink
grants associated with Sequence 1, or different TAs may
be used for different uplink grants associated with Se-
quence 2.
[0078] In some examples example, two different uplink
grants that are associated with a same preamble se-
quence may be associated with the same time and fre-
quency resources, but different scrambling codes. In
these examples, a network access device may distin-
guish the scheduled UL transmissions of two different
UEs, which UEs respectively use the two different uplink
grants for their scheduled UL transmissions (e.g., at 220
of FIG. 2), based on the different scrambling codes as-
sociated with the scheduled UL transmissions.
[0079] As another example, two different uplink grants
may be associated with all of the same transmission re-
sources but for UE IDs (e.g., the two different uplink
grants may be associated with different TC-RNTIs, as
shown in the uplink grants 310-c of Response 1 of the
random access response message 315-a shown in the
selections 400 of FIG. 4). In these examples, two different
UEs may randomly select two different uplink grants as-
sociated with a same preamble sequence (e.g., UE A
may select a first uplink grant (Grant 1_1, TC-RNTI1_1)
at 320-d, and UE B may select a second uplink grant
(Grant 1_1, TC-RNTI1_n) at 320-e), and each UE may
transmit a respective scheduled UL transmission using
its selected uplink grant. A network access device may
distinguish the scheduled UL transmissions of the UEs
(e.g., the scheduled UL transmissions of UE A and UE
B) based at least in part on the different TC-RNTIs as-
sociated with the scheduled UL transmissions. In some
examples, the network access device may use interfer-
ence cancellation to cancel the interference that one or
more scheduled UL transmissions impart on another
scheduled UL transmission.
[0080] In some examples, a network access device
(e.g., a base station 105 described with reference to FIG.
1, or the network access device 205 described with ref-
erence to FIG. 2) may not be able to determine one or
more aspects of a UE from the transmission of a random
access preamble and/or first scheduled UL transmission
received from the UE. For example, the network access
device 205 may not be aware of a service used by the
UE, a service requirement of the UE, a transmission need
of the UE, a capability of the UE, etc. A network access
device’s inability to determine some aspects of a UE may
limit the network access device’s ability to tailor a re-
sponse to the UE. For example, the network access de-
vice may not communicate with the UE using a modula-
tion and coding scheme (MCS) or rank tailored to the UE,
or the network access device may not provide the UE
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with an uplink grant tailored to the UE.
[0081] In some examples, a service requirement of a
UE may include a QoS requirement of the UE (e.g., a
QoS requirement of a service used by the UE), an access
priority of the UE (e.g., an access priority of a service
used by the UE), etc. In some examples, a transmission
need of the UE may be based at least in part on an amount
of data in a transmit buffer of the UE. In some examples,
a capability of the UE may include a maximum channel
bandwidth supported by the UE, which maximum chan-
nel bandwidth may be greater than, equal to, or less than
the maximum channel bandwidth that a network access
device or other network node may provide the UE. In
some examples, a capability of the UE may include a
feature set (e.g., one or more features) supported by the
UE.
[0082] In some examples, a service requirement of a
UE may include different slices supported by the UE. In
some examples, different slices correspond to different
services offered by the UE. In some examples, different
slices correspond to different services supported by the
network supported by the UE. In some examples, differ-
ent slices correspond to different network slices. In some
examples, a physical network may be partitioned into
multiple virtual networks (i.e., different slices) allowing a
subscriber to offer optimal support for different types of
services.
[0083] To enable a network access device to identify
one or more aspects of a UE, the network access device
(or other network node) may associate at least two of the
uplink grants associated with a preamble sequence with
different feature sets (with each feature set including at
least one feature), or with different maximum channel
bandwidths, or with different payload sizes, or with dif-
ferent sets of (one or more) services, or with different
service requirements, or with different QoS profiles, or
with different access priorities, or with combinations
thereof.
[0084] Upon receiving a random access message in-
cluding uplink grants associated with potential aspects
of a UE, the UE may select an uplink grant for transmis-
sion of a first scheduled UL transmission based at least
in part on a service used by the UE, or a service require-
ment of the UE, or a QoS requirement of the UE, or an
access priority of the UE, or different slices, or an amount
of data in a transmit buffer of the UE, or a maximum
channel bandwidth supported by the UE, or a feature set
supported by the UE, or combinations thereof.
[0085] Upon receiving a scheduled UL transmission
from a UE, on a transmission resource associated with
an uplink grant, a network access device may identify at
least one aspect of the UE based at least in part on the
transmission resource on which transmission is received.
[0086] FIG. 5 shows a block diagram 500 of an appa-
ratus 515 for use in wireless communication, in accord-
ance with one or more aspects of the present disclosure.
The apparatus 515 may be an example of aspects of one
or more of the UEs 115 described with reference to FIG.

1 or 2. The apparatus 515 may also be or include a proc-
essor. The apparatus 515 may include a receiver 510, a
wireless communication manager 520-a, or a transmitter
530. Each of these components may be in communica-
tion with each other.
[0087] The components of the apparatus 515 may, in-
dividually or collectively, be implemented using one or
more application-specific integrated circuits (ASICs)
adapted to perform some or all of the applicable functions
in hardware. Alternatively, the functions may be per-
formed by one or more other processing units (or cores),
on one or more integrated circuits. In some other exam-
ples, other types of integrated circuits may be used (e.g.,
Structured/Platform ASICs, Field Programmable Gate
Arrays (FPGAs), a System-on-Chip (SoC), and/or other
types of Semi-Custom ICs), which may be programmed
in any manner known in the art. The functions of each
component may also be implemented, in whole or in part,
with instructions embodied in a memory, formatted to be
executed by one or more general or application-specific
processors.
[0088] In some examples, the receiver 510 may in-
clude at least one radio frequency (RF) receiver, such
as at least one RF receiver operable to receive transmis-
sions over one or more radio frequency spectrum bands.
In some examples, the one or more radio frequency spec-
trum bands may be used for LTE/LTE-A communica-
tions, as described, for example, with reference to FIG.
1, 2, 3, or 4. The receiver 510 may be used to receive
various types of data or control signals (i.e., transmis-
sions) over one or more communication links of a wireless
communication system, such as one or more communi-
cation links of the wireless communication system 100
described with reference to FIG. 1.
[0089] In some examples, the transmitter 530 may in-
clude at least one RF transmitter, such as at least one
RF transmitter operable to transmit over one or more
radio frequency spectrum bands. In some examples, the
one or more radio frequency spectrum bands may be
used for LTE/LTE-A communications, as described, for
example, with reference to FIG. 1, 2, 3, or 4. The trans-
mitter 530 may be used to transmit various types of data
or control signals (i.e., transmissions) over one or more
communication links of a wireless communication sys-
tem, such as one or more communication links of the
wireless communication system 100 described with ref-
erence to FIG. 1.
[0090] In some examples, the wireless communication
manager 520-a may be used to manage one or more
aspects of wireless communication for the apparatus
515. In some examples, part of the wireless communi-
cation manager 520-a may be incorporated into or shared
with the receiver 510 or the transmitter 530. In some ex-
amples, the wireless communication manager 520-a
may be an example of aspects of the wireless commu-
nication manager 520 described with reference to FIG.
1. In some examples, the wireless communication man-
ager 520-a may include a random access preamble
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transmission manager 535, a random access response
manager 540, or a scheduled uplink transmission man-
ager 545. The scheduled uplink transmission manager
545 may optionally include an uplink grant selector 550.
[0091] The random access preamble transmission
manager 535 may be used to transmitting a random ac-
cess preamble.
[0092] The random access response manager 540
may be used to receive a random access response mes-
sage that includes a plurality of uplink grants associated
with the random access preamble. Each uplink grant in
the plurality of uplink grants may be associated with a
different transmission resource. In some examples, a first
transmission resource associated with a first uplink grant
and a second transmission resource associated with a
second uplink grant may include at least one of: different
transmission times, or different transmission frequen-
cies, or different scrambling codes, or different channeli-
zation codes, or different beam indices, or different UE
IDs, or combinations thereof.
[0093] The uplink grant selector 550 may be used to
select an uplink grant from the plurality of uplink grants.
In some examples, selecting the uplink grant may include
randomly selecting the uplink grant from the plurality of
uplink grants.
[0094] The scheduled uplink transmission manager
545 may be used to transmit using the selected uplink
grant.
[0095] FIG. 6 shows a block diagram 600 of a wireless
communication manager 520-b for use in wireless com-
munication, in accordance with one or more aspects of
the present disclosure. The wireless communication
manager 520-b may be an example of aspects of the
wireless communication manager 520 described with ref-
erence to FIG. 1 or 5.
[0096] The components of the wireless communication
manager 520-b may, individually or collectively, be im-
plemented using one or more ASICs adapted to perform
some or all of the applicable functions in hardware. Al-
ternatively, the functions may be performed by one or
more other processing units (or cores), on one or more
integrated circuits. In some other examples, other types
of integrated circuits may be used (e.g., Structured/Plat-
form ASICs, FPGAs, a SoC, and/or other types of Semi-
Custom ICs), which may be programmed in any manner
known in the art. The functions of each component may
also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one
or more general or application-specific processors.
[0097] In some examples, the wireless communication
manager 520-b may be used to manage one or more
aspects of wireless communication for a UE or appara-
tus, such as one of the UEs 115 or apparatuses 515
described with reference to FIG. 1, 2, or 5. In some ex-
amples, part of the wireless communication manager
520-b may be incorporated into or shared with a receiver
or a transmitter (e.g., the receiver 510 or the transmitter
530 described with reference to FIG. 5). In some exam-

ples, the wireless communication manager 520-b may
include a random access preamble transmission man-
ager 535-a, a random access response manager 540-a,
a scheduled uplink transmission manager 545-a, or a
contention resolution manager 610. The random access
preamble transmission manager 535-a may include a
random access preamble selector 605. The scheduled
uplink transmission manager 545-a may optionally in-
clude an uplink grant selector 550-a.
[0098] The random access preamble transmission
manager 535-a may be used to transmitting a random
access preamble. The random access preamble selector
605 may be used to select the random access preamble
from a plurality of preamble sequences (e.g., 64 pream-
ble sequences).
[0099] The random access response manager 540-a
may be used to receive a random access response mes-
sage that includes a plurality of uplink grants associated
with the random access preamble. Each uplink grant in
the plurality of uplink grants may be associated with a
different transmission resource. In some examples, a first
transmission resource associated with a first uplink grant
and a second transmission resource associated with a
second uplink grant may include at least one of: different
transmission times, or different transmission frequen-
cies, or different scrambling codes, or different channeli-
zation codes, or different beam indices, or different UE
IDs, or combinations thereof.
[0100] The uplink grant selector 550-a may be used to
select an uplink grant from the plurality of uplink grants.
In some examples, selecting the uplink grant may include
randomly selecting the uplink grant from the plurality of
uplink grants.
[0101] In some examples, the random access re-
sponse manager 540-a may receive at least two uplink
grants associated with different feature sets, and the up-
link grant selector 550-a may select an uplink grant based
at least in part on a feature set supported by the UE that
includes the wireless communication manager 520-b. In
some examples, the random access response manager
540-a may receive at least two uplink grants associated
with different maximum channel bandwidths, and the up-
link grant selector 550-a may select an uplink grant based
at least in part on a maximum channel bandwidth sup-
ported by the UE that includes the wireless communica-
tion manager 520-b. In some examples, the random ac-
cess response manager 540-a may receive at least two
uplink grants associated with different payload sizes, and
the uplink grant selector 550-a may select an uplink grant
based at least in part on an amount of data in a transmit
buffer of the UE that includes the wireless communication
manager 520-b. In some examples, the random access
response manager 540-a may receive at least two uplink
grants associated with at least one of different sets of
services, or different service requirements, or different
QoS profiles, or different access priorities, or different
slices, or combinations thereof, and the uplink grant se-
lector 550-a may select an uplink grant based at least in
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part on a service used by the UE that includes the wireless
communication manager 520-b, or a service requirement
of the UE, or a QoS requirement of the UE, or an access
priority of the UE, or different slices, or combinations
thereof.
[0102] The scheduled uplink transmission manager
545-a may be used to transmit using the selected uplink
grant. The contention resolution manager 610 may be
used to receive a contention resolution message.
[0103] FIG. 7 shows a block diagram 700 of an appa-
ratus 705 for use in wireless communication, in accord-
ance with one or more aspects of the present disclosure.
The apparatus 705 may be an example of aspects of one
or more of the base stations 105 or network access de-
vices 205 described with reference to FIG. 1 or 2. The
apparatus 705 may also be or include a processor. The
apparatus 705 may include a receiver 710, a wireless
communication manager 720-a, or a transmitter 730.
Each of these components may be in communication with
each other.
[0104] The components of the apparatus 705 may, in-
dividually or collectively, be implemented using one or
more ASICs adapted to perform some or all of the appli-
cable functions in hardware. Alternatively, the functions
may be performed by one or more other processing units
(or cores), on one or more integrated circuits. In some
other examples, other types of integrated circuits may be
used (e.g., Structured/Platform ASICs, FPGAs, a SoC,
and/or other types of Semi-Custom ICs), which may be
programmed in any manner known in the art. The func-
tions of each component may also be implemented, in
whole or in part, with instructions embodied in a memory,
formatted to be executed by one or more general or ap-
plication-specific processors.
[0105] In some examples, the receiver 710 may in-
clude at least one RF receiver, such as at least one RF
receiver operable to receive transmissions over one or
more radio frequency spectrum bands. In some exam-
ples, the one or more radio frequency spectrum bands
may be used for LTE/LTE-A communications, as de-
scribed, for example, with reference to FIG. 1, 2, 3, or 4.
The receiver 710 may be used to receive various types
of data or control signals (i.e., transmissions) over one
or more communication links of a wireless communica-
tion system, such as one or more communication links
of the wireless communication system 100 described
with reference to FIG. 1.
[0106] In some examples, the transmitter 730 may in-
clude at least one RF transmitter, such as at least one
RF transmitter operable to transmit over one or more
radio frequency spectrum bands. In some examples, the
one or more radio frequency spectrum bands may be
used for LTE/LTE-A communications, as described, for
example, with reference to FIG. 1, 2, 3, or 4. The trans-
mitter 730 may be used to transmit various types of data
or control signals (i.e., transmissions) over one or more
communication links of a wireless communication sys-
tem, such as one or more communication links of the

wireless communication system 100 described with ref-
erence to FIG. 1.
[0107] In some examples, the wireless communication
manager 720-a may be used to manage one or more
aspects of wireless communication for the apparatus
705. In some examples, part of the wireless communi-
cation manager 720-a may be incorporated into or shared
with the receiver 710 or the transmitter 730. In some ex-
amples, the wireless communication manager 720-a
may be an example of aspects of the wireless commu-
nication manager 720 described with reference to FIG.
1. In some examples, the wireless communication man-
ager 720-a may include a random access preamble re-
ception manager 735 or a random access response
transmission manager 740. The random access re-
sponse transmission manager 740 may optionally in-
clude an uplink grant manager 745.
[0108] The random access preamble reception man-
ager 735 may be used to receive a random access pre-
amble.
[0109] The random access response transmission
manager 740 may be used to transmit a random access
response message that includes a plurality of uplink
grants associated with the random access preamble.
Each uplink grant in the plurality of uplink grants may be
associated with a different transmission resource. In
some examples, a first transmission resource associated
with a first uplink grant and a second transmission re-
source associated with a second uplink grant may include
at least one of different transmission times, or different
transmission frequencies, or different scrambling codes,
or different channelization codes, or different beam indi-
ces, or different UE IDs, or combinations thereof.
[0110] The uplink grant manager 745 may be used to
identify a number of uplink grants associated with the
random access preamble received using the random ac-
cess preamble reception manager 735, for inclusion in
the random access response message transmitted using
the random access response transmission manager 740.
The number of uplink grants may be identified based at
least in part on a network load, or an estimate of a number
of collisions between transmissions of the random ac-
cess preamble by different UEs, or an estimate of a
number of collisions between transmissions by different
UEs using a same uplink grant included in a random ac-
cess response message, or a number of channel ele-
ments in a receiver of the network access device, or a
number of available transmission resources, or a time of
receipt of the random access preamble, or combinations
thereof.
[0111] FIG. 8 shows a block diagram 800 of a wireless
communication manager 720-b for use in wireless com-
munication, in accordance with one or more aspects of
the present disclosure. The wireless communication
manager 720-b may be an example of aspects of the
wireless communication manager 720 described with ref-
erence to FIG. 1 or 7.
[0112] The components of the wireless communication
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manager 720-b may, individually or collectively, be im-
plemented using one or more ASICs adapted to perform
some or all of the applicable functions in hardware. Al-
ternatively, the functions may be performed by one or
more other processing units (or cores), on one or more
integrated circuits. In some other examples, other types
of integrated circuits may be used (e.g., Structured/Plat-
form ASICs, FPGAs, a SoC, and/or other types of Semi-
Custom ICs), which may be programmed in any manner
known in the art. The functions of each component may
also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one
or more general or application-specific processors.
[0113] In some examples, the wireless communication
manager 720-b may be used to manage one or more
aspects of wireless communication for a network access
device or apparatus, such as one of the base stations
105, network access devices 205, or apparatuses 705
described with reference to FIG. 1, 2, or 7. In some ex-
amples, part of the wireless communication manager
720-b may be incorporated into or shared with a receiver
or a transmitter (e.g., the receiver 710 or the transmitter
730 described with reference to FIG. 7). In some exam-
ples, the wireless communication manager 720-b may
include a random access preamble reception manager
735-a, a random access response transmission manager
740-a, a scheduled transmission reception manager 805,
a UE aspect identifier 810, or a contention resolution
manager 815. The random access response transmis-
sion manager 740-a may optionally include an uplink
grant manager 745-a.
[0114] The random access preamble reception man-
ager 735-a may be used to receive a random access
preamble.
[0115] The random access response transmission
manager 740-a may be used to transmit a random access
response message that includes a number of uplink
grants associated with a random access preamble. Each
uplink grant in the plurality of uplink grants may be asso-
ciated with a different transmission resource. In some
examples, a first transmission resource associated with
a first uplink grant and a second transmission resource
associated with a second uplink grant may include at
least one of different transmission times, or different
transmission frequencies, or different scrambling codes,
or different channelization codes, or different beam indi-
ces, or different UE IDs, or combinations thereof.
[0116] The uplink grant manager 745-a may be used
to identify a number of uplink grants associated with a
random access preamble received using the random ac-
cess preamble reception manager 735-a, for inclusion in
a random access response message transmitted using
the random access response transmission manager 740-
a. Alternatively or additionally, the uplink grant manager
745-a may identify a number of uplink grants to associate
with the random access preamble based at least in part
on a time-variable parameter. In these latter examples,
the identified number of uplink grants may include at least

one uplink grant (e.g., a single uplink grant or a plurality
of uplink grants) associated with at least one transmis-
sion resource. The number of uplink grants may be iden-
tified based at least in part on a network load, or an es-
timate of a number of collisions between transmissions
of the random access preamble by different UEs, or an
estimate of a number of collisions between transmissions
by different UEs using a same uplink grant included in a
random access response message, or a number of chan-
nel elements in a receiver of the network access device,
or a number of available transmission resources, or a
time of receipt of the random access preamble, or com-
binations thereof. In some examples, the uplink grant
manager 745-a may associate at least two uplink grants
with different feature sets, or different maximum channel
bandwidths, or different payload sizes, or different sets
of services, or different service requirements, or different
QoS profiles, or different access priorities, or different
slices, or combinations thereof.
[0117] The scheduled transmission reception manag-
er 805 may be used to receive a transmission, from a
UE, on a transmission resource associated with an uplink
grant in the plurality of uplink grants. In some examples,
the scheduled transmission reception manager 805 may
receive transmissions from at least two UEs, on trans-
mission resources associated with at least two uplink
grants in the plurality of uplink grants.
[0118] The UE aspect identifier 810 may be used to
identify, based at least in part on the transmission re-
source on which the transmission is received, at least
one aspect of a UE. In some examples, the at least one
aspect of the UE may include a feature set supported by
the UE, or a channel bandwidth supported by the UE, or
an amount of data in a transmit buffer of the UE, or a
service used by the UE, or a service requirement of the
UE, or a QoS requirement of the UE, or an access priority
of the UE, or different slices, or combinations thereof.
[0119] The contention resolution manager 815 may be
used to transmit a contention resolution to the UE.
[0120] FIG. 9 shows a block diagram 900 of a UE 115-
b for use in wireless communication, in accordance with
one or more aspects of the present disclosure. The UE
115-b may be included or be part of a personal computer
(e.g., a laptop computer, a netbook computer, a tablet
computer, etc.), a cellular telephone, a PDA, a DVR, an
internet appliance, a gaming console, an e-reader, a ve-
hicle, a home appliance, a lighting or alarm control sys-
tem, etc. The UE 115-b may, in some examples, have
an internal power supply (not shown), such as a small
battery, to facilitate mobile operation. In some examples,
the UE 115-b may be an example of aspects of one or
more of the UEs 115 described with reference to FIG. 1,
or aspects of the apparatus 515 described with reference
to FIG. 5. The UE 115-b may be configured to implement
at least some of the UE or apparatus techniques and
functions described with reference to FIG. 1, 2, 3, 4, 5,
or 6.
[0121] The UE 115-b may include a processor 910, a
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memory 920, at least one transceiver (represented by
transceiver(s) 930), at least one antenna (represented
by antenna(s) 940), or a wireless communication man-
ager 520-c. Each of these components may be in com-
munication with each other, directly or indirectly, over
one or more buses 935.
[0122] The memory 920 may include random access
memory (RAM) or read-only memory (ROM). The mem-
ory 920 may store computer-readable, computer-execut-
able code 925 containing instructions that are configured
to, when executed, cause the processor 910 to perform
various functions described herein related to wireless
communication, including, for example, performing a ran-
dom access procedure. Alternatively, the computer-ex-
ecutable code 925 may not be directly executable by the
processor 910 but be configured to cause the UE 115-b
(e.g., when compiled and executed) to perform various
of the functions described herein.
[0123] The processor 910 may include an intelligent
hardware device, e.g., a central processing unit (CPU),
a microcontroller, an ASIC, etc. The processor 910 may
process information received through the transceiver(s)
930 or information to be sent to the transceiver(s) 930
for transmission through the antenna(s) 940. The proc-
essor 910 may handle, alone or in connection with the
wireless communication manager 520-c, various aspects
of communicating over (or managing communications
over) one or more radio frequency spectrum bands.
[0124] The transceiver(s) 930 may include a modem
configured to modulate packets and provide the modu-
lated packets to the antenna(s) 940 for transmission, and
to demodulate packets received from the antenna(s) 940.
The transceiver(s) 930 may, in some examples, be im-
plemented as one or more transmitters and one or more
separate receivers. The transceiver(s) 930 may support
communications in one or more radio frequency spec-
trum bands. The transceiver(s) 930 may be configured
to communicate bi-directionally, via the antenna(s) 940,
with one or more of the base stations 105 or network
access devices 205 described with reference to FIG. 1
or 2, or the apparatus 705 described with reference to
FIG. 7. While the UE 115-b may include a single antenna,
there may be examples in which the UE 115-b may in-
clude multiple antennas 940.
[0125] The wireless communication manager 520-c
may be configured to perform or control some or all of
the UE or apparatus techniques or functions described
with reference to FIG. 1, 2, 3, 4, 5, or 6 related to wireless
communication over one or more radio frequency spec-
trum bands. The wireless communication manager 520-
c, or portions of it, may include a processor, or some or
all of the functions of the wireless communication man-
ager 520-c may be performed by the processor 910 or
in connection with the processor 910. In some examples,
the wireless communication manager 520-c may be an
example of the wireless communication manager 520
described with reference to FIG. 1, 5, or 6.
[0126] FIG. 10 shows a block diagram 1000 of a net-

work access device 205-a for use in wireless communi-
cation, in accordance with one or more aspects of the
present disclosure. In some examples, the network ac-
cess device 205-a may be an example of one or more
aspects of a network access device 205 (e.g., a radio
head, a base station 105, an eNB, or an ANC) described
with reference to FIG. 1 or 2, or aspects of the apparatus
705 described with reference to FIG. 7. The network ac-
cess device 205-a may be configured to implement or
facilitate at least some of the network access device tech-
niques and functions described with reference to FIG. 1,
2, 3, 4, 7, or 8.
[0127] The network access device 205-a may include
a processor 1010, a memory 1020, at least one trans-
ceiver (represented by transceiver(s) 1050), at least one
antenna (represented by base station antenna(s) 1055),
or a wireless communication manager 720-c. The net-
work access device 205-a may also include one or more
of a network access device communicator 1030 or a net-
work communicator 1040. Each of these components
may be in communication with each other, directly or in-
directly, over one or more buses 1035.
[0128] The memory 1020 may include RAM or ROM.
The memory 1020 may store computer-readable, com-
puter-executable code 1025 containing instructions that
are configured to, when executed, cause the processor
1010 to perform various functions described herein re-
lated to wireless communication, including, for example,
participating in a random access procedure performed
by a UE. Alternatively, the computer-executable code
1025 may not be directly executable by the processor
1010 but be configured to cause the network access de-
vice 205-a (e.g., when compiled and executed) to per-
form various of the functions described herein.
[0129] The processor 1010 may include an intelligent
hardware device, e.g., a CPU, a microcontroller, an
ASIC, etc. The processor 1010 may process information
received through the transceiver(s) 1050, the network
access device communicator 1030, or the network com-
municator 1040. The processor 1010 may also process
information to be sent to the transceiver(s) 1050 for trans-
mission through the antenna(s) 1055, to the network ac-
cess device communicator 1030, for transmission to one
or more other network access devices (e.g., network ac-
cess device 205-b and network access device 205-c), or
to the network communicator 1040 for transmission to a
core network 130-a, which may be an example of one or
more aspects of the core network 130 described with
reference to FIG. 1. The processor 1010 may handle,
alone or in connection with the wireless communication
manager 720-c, various aspects of communicating over
(or managing communications over) one or more radio
frequency spectrum bands.
[0130] The transceiver(s) 1050 may include a modem
configured to modulate packets and provide the modu-
lated packets to the antenna(s) 1055 for transmission,
and to demodulate packets received from the antenna(s)
1055. The transceiver(s) 1050 may, in some examples,
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be implemented as one or more transmitters and one or
more separate receivers. The transceiver(s) 1050 may
support communications in one or more radio frequency
spectrum bands. The transceiver(s) 1050 may be con-
figured to communicate bi-directionally, via the anten-
na(s) 1055, with one or more UEs or apparatuses, such
as one of the UEs 115 described with reference to FIG.
1, 2, or 9, or the apparatus 515 described with reference
to FIG. 5. The network access device 205-a may, for
example, include multiple antennas 1055 (e.g., an an-
tenna array). The network access device 205-a may com-
municate with the core network 130-a through the net-
work communicator 1040. The network access device
205-a may also communicate with other network access
devices, such as the network access device 205-b and
the network access device 205-c, using the network ac-
cess device communicator 1030.
[0131] The wireless communication manager 720-c
may be configured to perform or control some or all of
the network access device or apparatus techniques or
functions described with reference to FIG. 1, 2, 3, 4, 7,
or 8 related to wireless communication over one or more
radio frequency spectrum bands. The wireless commu-
nication manager 720-c, or portions of it, may include a
processor, or some or all of the functions of the wireless
communication manager 720-c may be performed by the
processor 1010 or in connection with the processor 1010.
In some examples, the wireless communication manager
720-c may be an example of the wireless communication
manager 720 described with reference to FIG. 1, 7, or 8.
[0132] FIG. 11 is a flow chart illustrating an example
of a method 1100 for wireless communication at a UE,
in accordance with one or more aspects of the present
disclosure. For clarity, the method 1100 is described be-
low with reference to aspects of one or more of the UE
115 described with reference to FIG. 1, 2, or 9, aspects
of the apparatus 515 described with reference to FIG. 5,
or aspects of one or more of the wireless communication
managers 520 described with reference to FIG. 1, 5, 6,
or 9. In some examples, a UE may execute one or more
sets of codes to control the functional elements of the
UE to perform the functions described below. Additionally
or alternatively, the UE may perform one or more of the
functions described below using special-purpose hard-
ware.
[0133] At block 1105, the method 1100 may include
transmitting a random access preamble. The opera-
tion(s) at block 1105 may be performed using the wireless
communication manager 520 described with reference
to FIG. 1, 5, 6, or 9, or the random access preamble
transmission manager 535 described with reference to
FIG. 5 or 6.
[0134] At block 1110, the method 1100 may include
receiving a random access response message that in-
cludes a plurality of uplink grants associated with the ran-
dom access preamble. Each uplink grant in the plurality
of uplink grants may be associated with a different trans-
mission resource. In some examples, a first transmission

resource associated with a first uplink grant and a second
transmission resource associated with a second uplink
grant may include at least one of: different transmission
times, or different transmission frequencies, or different
scrambling codes, or different channelization codes, or
different beam indices, or different UE IDs, or combina-
tions thereof. The operation(s) at block 1110 may be per-
formed using the wireless communication manager 520
described with reference to FIG. 1, 5, 6, or 9, or the ran-
dom access response manager 540 described with ref-
erence to FIG. 5 or 6.
[0135] At block 1115, the method 1100 may include
selecting an uplink grant from the plurality of uplink
grants. In some examples, selecting the uplink grant may
include randomly selecting the uplink grant from the plu-
rality of uplink grants. The operation(s) at block 1115 may
be performed using the wireless communication manag-
er 520 described with reference to FIG. 1, 5, 6, or 9, or
the uplink grant selector 550 described with reference to
FIG. 5 or 6.
[0136] At block 1120, the method 1100 may include
transmitting using the selected uplink grant. The opera-
tion(s) at block 1120 may be performed using the wireless
communication manager 520 described with reference
to FIG. 1, 5, 6, or 9, or the scheduled uplink transmission
manager 545 described with reference to FIG. 5 or 6.
[0137] At block 1125, the method 1100 may optionally
include receiving a contention resolution message. The
operation(s) at block 1125 may be performed using the
wireless communication manager 520 described with ref-
erence to FIG. 1, 5, 6, or 9, or the contention resolution
manager 610 described with reference to FIG. 6.
[0138] In some examples of the method 1100, at least
two of the uplink grants may be associated with different
feature sets, and the uplink grant selected at block 1115
may be selected based at least in part on a feature set
supported by the UE. In some examples, at least two of
the uplink grants may be associated with different max-
imum channel bandwidths, and the uplink grant selected
at block 1115 may be selected based at least in part on
a maximum channel bandwidth supported by the UE. In
some examples, at least two of the uplink grants may be
associated with different payload sizes, and the uplink
grant selected at block 1115 may be selected based at
least in part on an amount of data in a transmit buffer of
the UE. In some examples, at least two of the uplink
grants may be associated with at least one of different
sets of services, or different service requirements, or dif-
ferent QoS profiles, or different access priorities, or dif-
ferent slices, or combinations thereof, and the uplink
grant selected at block 1115 may be selected based at
least in part on a service used by the UE, or a service
requirement of the UE, or a QoS requirement of the UE,
or an access priority of the UE, or different slices, or com-
binations thereof.
[0139] FIG. 12 is a flow chart illustrating an example
of a method 1200 for wireless communication at a net-
work access device, in accordance with one or more as-
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pects of the present disclosure. For clarity, the method
1200 is described below with reference to aspects of one
or more of the base stations 105 described with reference
to FIG. 1, aspects of one of the network access devices
205 described with reference to FIG. 2 or 10, aspects of
the apparatus 705 described with reference to FIG. 7, or
aspects of one or more of the wireless communication
managers 720 described with reference to FIG. 1, 7, 8,
or 10. In some examples, a network access device may
execute one or more sets of codes to control the func-
tional elements of the network access device to perform
the functions described below. Additionally or alterna-
tively, the network access device may perform one or
more of the functions described below using special-pur-
pose hardware.
[0140] At block 1205, the method 1200 may include
receiving a random access preamble. The operation(s)
at block 1205 may be performed using the wireless com-
munication manager 720 described with reference to
FIG. 1, 7, 8, or 10, or the random access preamble re-
ception manager 735 described with reference to FIG. 7
or 8.
[0141] At block 1210, the method 1200 may include
transmitting a random access response message that
includes a plurality of uplink grants associated with the
random access preamble. Each uplink grant in the plu-
rality of uplink grants may be associated with a different
transmission resource. In some examples, a first trans-
mission resource associated with a first uplink grant and
a second transmission resource associated with a sec-
ond uplink grant may include at least one of different
transmission times, or different transmission frequen-
cies, or different scrambling codes, or different channeli-
zation codes, or different beam indices, or different UE
IDs, or combinations thereof. The operation(s) at block
1210 may be performed using the wireless communica-
tion manager 720 described with reference to FIG. 1, 7,
8, or 10, or the random access response transmission
manager 740 described with reference to FIG. 7 or 8.
[0142] FIG. 13 is a flow chart illustrating an example
of a method 1300 for wireless communication at a net-
work access device, in accordance with one or more as-
pects of the present disclosure. For clarity, the method
1300 is described below with reference to aspects of one
or more of the base stations 105 described with reference
to FIG. 1, aspects of one or more of the network access
devices 205 described with reference to FIG. 2 or 10,
aspects of the apparatus 705 described with reference
to FIG. 7, or aspects of one or more of the wireless com-
munication managers 720 described with reference to
FIG. 1, 7, 8, or 10. In some examples, a network access
device may execute one or more sets of codes to control
the functional elements of the network access device to
perform the functions described below. Additionally or
alternatively, the network access device may perform
one or more of the functions described below using spe-
cial-purpose hardware.
[0143] At block 1305, the method 1300 may include

receiving a random access preamble. The operation(s)
at block 1305 may be performed using the wireless com-
munication manager 720 described with reference to
FIG. 1, 7, 8, or 10, or the random access preamble re-
ception manager 735 described with reference to FIG. 7
or 8.
[0144] At block 1310, the method 1300 may optionally
include identifying a number of uplink grants associated
with the random access preamble. Each uplink grant in
the number of uplink grants may be associated with a
different transmission resource. In some examples, a first
transmission resource associated with a first uplink grant
and a second transmission resource associated with a
second uplink grant may include at least one of different
transmission times, or different transmission frequen-
cies, or different scrambling codes, or different channeli-
zation codes, or different beam indices, or different UE
IDs, or combinations thereof. The number of uplink grants
may be identified based at least in part on a network load,
or an estimate of a number of collisions between trans-
missions of the random access preamble by different
UEs, or an estimate of a number of collisions between
transmissions by different UEs using a same uplink grant
included in a random access response message, or a
number of channel elements in a receiver of the network
access device, or a number of available transmission re-
sources, or a time of receipt of the random access pre-
amble, or combinations thereof. The operation(s) at block
1310 may be performed using the wireless communica-
tion manager 720 described with reference to FIG. 1, 7,
8, or 10, or the uplink grant manager 745 described with
reference to FIG. 7 or 8.
[0145] At block 1315, the method 1300 may optionally
include associating at least two of a plurality of uplink
grants (including the number of uplink grants identified
at block 1310) with different feature sets, or different max-
imum channel bandwidths, or different payload sizes, or
different sets of services, or different service require-
ments, or different QoS profiles, or different access pri-
orities, or different slices, or combinations thereof. The
operation(s) at block 1315 may be performed using the
wireless communication manager 720 described with ref-
erence to FIG. 1, 7, 8, or 10, or the uplink grant manager
745 described with reference to FIG. 7 or 8.
[0146] At block 1320, the method 1300 may include
transmitting a random access response message that
includes the plurality of uplink grants. The operation(s)
at block 1320 may be performed using the wireless com-
munication manager 720 described with reference to
FIG. 1, 7, 8, or 10, or the random access response trans-
mission manager 740 described with reference to FIG.
7 or 8.
[0147] At block 1325, the method 1300 may optionally
include receiving a transmission, from a UE, on a trans-
mission resource associated with an uplink grant in the
plurality of uplink grants. In some examples, the opera-
tion(s) at block 1325 may include receiving transmissions
from at least two UEs, on transmission resources asso-
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ciated with at least two uplink grants in the plurality of
uplink grants. The operation(s) at block 1325 may be
performed using the wireless communication manager
720 described with reference to FIG. 1, 7, 8, or 10, or the
scheduled transmission reception manager 805 de-
scribed with reference to FIG. 8.
[0148] At block 1330, the method 1300 may optionally
include identifying, based at least in part on the trans-
mission resource on which the transmission is received,
at least one aspect of the UE. In some examples, the at
least one aspect of the UE may include a feature set
supported by the UE, or a channel bandwidth supported
by the UE, or an amount of data in a transmit buffer of
the UE, or a service used by the UE, or a service require-
ment of the UE, or a QoS requirement of the UE, or an
access priority of the UE, or different slices, or combina-
tions thereof. The operation(s) at block 1330 may be per-
formed using the wireless communication manager 720
described with reference to FIG. 1, 7, 8, or 10, or the UE
aspect identifier 810 described with reference to FIG. 8.
[0149] At block 1335, the method 1300 may optionally
include transmitting a contention resolution to the UE.
The operation(s) at block 1335 may be performed using
the wireless communication manager 720 described with
reference to FIG. 1, 7, 8, or 10, or the contention resolu-
tion manager 815 described with reference to FIG. 8.
[0150] FIG. 14 is a flow chart illustrating an example
of a method 1400 for wireless communication at a net-
work access device, in accordance with one or more as-
pects of the present disclosure. For clarity, the method
1400 is described below with reference to aspects of one
or more of the base stations 105 described with reference
to FIG. 1, aspects of one or more of the network access
devices 205 described with reference to FIG. 2 or 10,
aspects of the apparatus 705 described with reference
to FIG. 7, or aspects of one or more of the wireless com-
munication managers 720 described with reference to
FIG. 1, 7, 8, or 10. In some examples, a network access
device may execute one or more sets of codes to control
the functional elements of the network access device to
perform the functions described below. Additionally or
alternatively, the network access device may perform
one or more of the functions described below using spe-
cial-purpose hardware.
[0151] At block 1405, the method 1400 may include
receiving a random access preamble. The operation(s)
at block 1405 may be performed using the wireless com-
munication manager 720 described with reference to
FIG. 1, 7, 8, or 10, or the random access preamble re-
ception manager 735 described with reference to FIG. 7
or 8.
[0152] At block 1410, the method 1400 may include
identifying a number of uplink grants to associate with
the random access preamble. The identified number of
uplink grants may include at least one uplink grant (e.g.,
a single uplink grant or a plurality of uplink grants) asso-
ciated with at least one transmission resource. The iden-
tified number of uplink grants may be based at least in

part on a time-variable parameter. The operation(s) at
block 1410 may be performed using the wireless com-
munication manager 720 described with reference to
FIG. 1, 7, 8, or 10, or the uplink grant manager 745 de-
scribed with reference to FIG. 7 or 8.
[0153] In some examples, the number of uplink grants
may be identified, at block 1410, based at least in part
on a network load, or an estimate of a number of collisions
between transmissions of the random access preamble
by different UEs, or an estimate of a number of collisions
between transmissions by different UEs using a same
uplink grant included in the random access response
message, or a number of channel elements in a receiver
of the network access device, or a number of available
transmission resources, or a time of receipt of the random
access preamble, or combinations thereof.
[0154] At block 1415, the method 1400 may include
transmitting a random access response message includ-
ing the identified number of uplink grants. The opera-
tion(s) at block 1415 may be performed using the wireless
communication manager 720 described with reference
to FIG. 1, 7, 8, or 10, or the random access response
transmission manager 740 described with reference to
FIG. 7 or 8.
[0155] The methods 1100, 1200, 1300, and 1400 de-
scribed with reference to FIGs. 11, 12, 13, and 14 may
provide for wireless communication. It should be noted
that the methods 1100, 1200, 1300, and 1400 are just
example implementations, and the operations of the
methods 1100, 1200, 1300, and 1400 may be rearranged
or otherwise modified such that other implementations
are possible.
[0156] Techniques described herein may be used for
various wireless communication systems such as CD-
MA, TDMA, FDMA, OFDMA, SC-FDMA, and other sys-
tems. The terms "system" and "network" are often used
interchangeably. A CDMA system may implement a radio
technology such as CDMA2000, Universal Terrestrial
Radio Access (UTRA), etc. CDMA2000 covers IS-2000,
IS-95, and IS-856 standards. IS-2000 Releases 0 and A
may be referred to as CDMA2000 IX, IX, etc. IS-856 (TIA-
856) may be referred to as CDMA2000 1xEV-DO, High
Rate Packet Data (HRPD), etc. UTRA includes Wide-
band CDMA (WCDMA) and other variants of CDMA. A
TDMA system may implement a radio technology such
as Global System for Mobile Communications (GSM).
An OFDMA system may implement a radio technology
such as Ultra Mobile Broadband (UMB), Evolved UTRA
(E-UTRA), Institute of Electrical and Electronics Engi-
neers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, Flash-OFDM™, etc. UTRA and E-UTRA
are part of Universal Mobile Telecommunication System
(UMTS). 3GPP LTE and LTE-A are new releases of
UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A, and GSM are described in documents from an
organization named 3GPP. CDMA2000 and UMB are
described in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). The tech-
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niques described herein may be used for the systems
and radio technologies mentioned above as well as other
systems and radio technologies, including cellular (e.g.,
LTE) communications over an unlicensed or shared
bandwidth. The description above, however, describes
an LTE/LTE-A system for purposes of example, and LTE
terminology is used in much of the description above,
although the techniques are applicable beyond LTE/LTE-
A applications.
[0157] The detailed description set forth above in con-
nection with the appended drawings describes examples
and does not represent all of the examples that may be
implemented or that are within the scope of the claims.
The terms "example" and "exemplary," when used in this
description, mean "serving as an example, instance, or
illustration," and not "preferred" or "advantageous over
other examples." The detailed description includes spe-
cific details for the purpose of providing an understanding
of the described techniques. These techniques, howev-
er, may be practiced without these specific details. In
some instances, well-known structures and apparatuses
are shown in block diagram form in order to avoid ob-
scuring the concepts of the described examples.
[0158] Information and signals may be represented us-
ing any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be rep-
resented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or
any combination thereof.
[0159] The various illustrative blocks and components
described in connection with the disclosure herein may
be implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an ASIC, an
FPGA or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be
a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, micro-
controller, or state machine. A processor may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, mul-
tiple microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configu-
ration.
[0160] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other exam-
ples and implementations are within the scope and spirit
of the disclosure and appended claims. For example, due
to the nature of software, functions described above can
be implemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any

of these. Features implementing functions may be phys-
ically located at various positions, including being distrib-
uted such that portions of functions are implemented at
different physical locations. As used herein, including in
the claims, the term "and/or," when used in a list of two
or more items, means that any one of the listed items
can be employed by itself, or any combination of two or
more of the listed items can be employed. For example,
if a composition is described as containing components
A, B, and/or C, the composition can contain A alone; B
alone; C alone; A and B in combination; A and C in com-
bination; B and C in combination; or A, B, and C in com-
bination. Also, as used herein, including in the claims,
"or" as used in a list of items (for example, a list of items
prefaced by a phrase such as "at least one of’ or "one or
more of’) indicates an inclusive list such that, for example,
a phrase referring to "at least one of’ a list of items refers
to any combination of those items, including single mem-
bers. As an example, "at least one of: A, B, or C" is in-
tended to cover A, B, C, A-B, A-C, B-C, and A-B-C., as
well as any combination with multiples of the same ele-
ment (e.g., A-A A-A-A, A-A-B, A-A-C, A-B-B, A-C-C, B-
B, B-B-B, B-B-C, C-C, and C-C-C or any other ordering
of A, B, and C).
[0161] As used herein, the phrase "based on" shall not
be construed as a reference to a closed set of conditions.
For example, an exemplary feature that is described as
"based on condition A" may be based on both a condition
A and a condition B without departing from the scope of
the present disclosure. In other words, as used herein,
the phrase "based on" shall be construed in the same
manner as the phrase "based at least in part on."
[0162] Computer-readable media includes both non-
transitory computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. A non-
transitory storage medium may be any available medium
that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation,
non-transitory computer-readable media can comprise
RAM, ROM, electrically erasable programmable read on-
ly memory (EEPROM), compact disk (CD) ROM or other
optical disk storage, magnetic disk storage or other mag-
netic storage devices, or any other non-transitory medi-
um that can be used to carry or store desired program
code means in the form of instructions or data structures
and that can be accessed by a general-purpose or spe-
cial-purpose computer, or a general-purpose or special-
purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if
the software is transmitted from a website, server, or oth-
er remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, include CD, laser disc, optical
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disc, digital versatile disc (DVD), floppy disk and Blu-ray
disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combi-
nations of the above are also included within the scope
of computer-readable media.
[0163] The previous description of the disclosure is
provided to enable a person skilled in the art to make or
use the disclosure. Various modifications to the disclo-
sure will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other variations without departing from the scope of
the disclosure. Thus, the disclosure is not to be limited
to the examples and designs described herein but is to
be accorded the broadest scope consistent with the prin-
ciples and novel techniques disclosed herein.

Claims

1. A method for wireless communication at a user
equipment, UE, comprising:

transmitting (1105) a random access preamble;
receiving (1110) a random access response
message that includes a plurality of uplink grants
associated with the random access preamble,
wherein each uplink grant in the plurality of up-
link grants is associated with a different trans-
mission resource;
selecting (1115) an uplink grant from the plurality
of uplink grants; and
transmitting (1120) using the selected uplink
grant.

2. The method of claim 1, wherein a first transmission
resource associated with a first uplink grant and a
second transmission resource associated with a
second uplink grant comprise at least one of: differ-
ent transmission times, or different transmission fre-
quencies, or different scrambling codes, or different
channelization codes, or different beam indices, or
different UE identifiers, IDs, or combinations thereof.

3. The method of claim 1, wherein selecting the uplink
grant comprises:
randomly selecting the uplink grant from the plurality
of uplink grants.

4. The method of claim 1, wherein at least two of the
uplink grants are associated with different feature
sets, and wherein the selected uplink grant is select-
ed based at least in part on a feature set supported
by the UE.

5. The method of claim 1, wherein at least two of the
uplink grants are associated with different maximum
channel bandwidths, and wherein the selected up-
link grant is selected based at least in part on a max-

imum channel bandwidth supported by the UE.

6. The method of claim 1, wherein at least two of the
uplink grants are associated with different payload
sizes, and wherein the selected uplink grant is se-
lected based at least in part on an amount of data in
a transmit buffer of the UE.

7. The method of claim 1, wherein the selected uplink
grant is selected based at least in part on: a service
used by the UE, or a service requirement of the UE,
or a quality of service, QoS, requirement of the UE,
or an access priority of the UE, or different slices, or
combinations thereof.

8. A method for wireless communication at a network
access device, comprising:

receiving (1205) a random access preamble;
and
transmitting (1210) a random access response
message that includes a plurality of uplink grants
associated with the random access preamble,
wherein each uplink grant in the plurality of up-
link grants is associated with a different trans-
mission resource.

9. The method of claim 8, further comprising:
receiving transmissions from at least two user equip-
ments, UEs, on transmission resources associated
with at least two uplink grants in the plurality of uplink
grants.

10. The method of claim 8, further comprising:
identifying a number of uplink grants in the plurality
of uplink grants based at least in part on: a network
load, or an estimate of a number of collisions be-
tween transmissions of the random access preamble
by different user equipments, UEs, or an estimate of
a number of collisions between transmissions by dif-
ferent UEs using a same uplink grant included in the
random access response message, or a number of
channel elements in a receiver of the network access
device, or a number of available transmission re-
sources, or a time of receipt of the random access
preamble, or combinations thereof.

11. The method of claim 8, further comprising:
associating at least two of the uplink grants with: dif-
ferent feature sets, or different maximum channel
bandwidths, or different payload sizes, or different
sets of services, or different service requirements,
or different quality of service, QoS, profiles, or differ-
ent access priorities, or different slices, or combina-
tions thereof.

12. The method of claim 11, further comprising:
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receiving a transmission, from a user equip-
ment, UE, on a transmission resource associat-
ed with an uplink grant in the plurality of uplink
grants; and
identifying, based at least in part on the trans-
mission resource on which the transmission is
received, at least one of: a feature set supported
by the UE, or a channel bandwidth supported
by the UE, or an amount of data in a transmit
buffer of the UE, or a service used by the UE,
or a service requirement of the UE, or a QoS
requirement of the UE, or an access priority of
the UE, or different slices, or combinations
thereof.

13. An apparatus for wireless communication at a user
equipment, UE, comprising:

means for transmitting (1105) a random access
preamble;
means for receiving (1110) a random access re-
sponse message that includes a plurality of up-
link grants associated with the random access
preamble, wherein each uplink grant in the plu-
rality of uplink grants is associated with a differ-
ent transmission resource;
means for selecting (1115) an uplink grant from
the plurality of uplink grants; and
means for transmitting (1120) using the selected
uplink grant.

14. An apparatus for wireless communication at a net-
work access device, comprising:

means for receiving (1205) a random access
preamble; and
means for transmitting (1210) a random access
response message that includes a plurality of
uplink grants associated with the random ac-
cess preamble, wherein each uplink grant in the
plurality of uplink grants is associated with a dif-
ferent transmission resource.

15. A computer program product comprising instructions
to implement, when executed by a computer, any
method of claims 1 to 12.

Patentansprüche

1. Ein drahtloses Kommunikationsverfahren an einer
Benutzervorrichtung, UE, umfassend:

Übertragen (1105) einer Zufallszugriffs-Präam-
bel;
Empfangen (1110) einer Zufallszugriffs-Ant-
wortnachricht, welche eine Mehrzahl von mit der
Zufallszugriffs-Präambel assoziierten Uplink-

Zusagen umfasst, wobei jede Uplink-Zusage in
der Mehrzahl von Uplink-Zusagen mit einer un-
terschiedlichen Übertragungsressource assozi-
iert ist;
Auswählen (1115) einer Uplink-Zusage aus der
Mehrzahl von Uplink-Zusagen; und
Übertragen (1120) unter Verwendung der aus-
gewählten Uplink-Zusage.

2. Das Verfahren nach Anspruch 1, wobei eine mit ei-
ner ersten Uplink-Zusage assoziierte erste Übertra-
gungsressource und eine mit einer zweiten Uplink-
Zusage assoziierte zweite Übertragungsressource
zumindest eines umfassen von:
unterschiedliche Übertragungszeiten, oder unter-
schiedliche Übertragungsfrequenzen, oder unter-
schiedliche Verwürfelungscodes, oder unterschied-
liche Kanalisierungscodes, oder unterschiedliche
Beam-Indizes, oder unterschiedliche UE-Identifizie-
rer, IDs, oder Kombinationen davon.

3. Das Verfahren nach Anspruch 1, wobei das Auswäh-
len der Uplink-Zusage umfasst:
zufälliges Auswählen der Uplink-Zusage aus der
Mehrzahl von Uplink-Zusagen.

4. Das Verfahren nach Anspruch 1, wobei zumindest
zwei der Uplink-Zusagen mit unterschiedlichen
Merkmalssätzen assoziiert sind, und wobei die aus-
gewählte Uplink-Zusage zumindest teilweise auf Ba-
sis eines von der UE unterstützten Merkmalssatzes
ausgewählt ist.

5. Das Verfahren nach Anspruch 1, wobei zumindest
zwei der Uplink-Zusagen mit unterschiedlichen ma-
ximalen Kanalbandbreiten assoziiert sind, und wo-
bei die ausgewählte Uplink-Zusage zumindest teil-
weise auf Basis einer von der UE unterstützten ma-
ximalen Kanalbandbreite ausgewählt ist.

6. Das Verfahren nach Anspruch 1, wobei zumindest
zwei der Uplink-Zusagen mit unterschiedlichen
Nutzlastgrößen assoziiert sind, und wobei die aus-
gewählte Uplink-Zusage zumindest teilweise auf Ba-
sis einer Menge von Daten in einem Übertragungs-
puffer der UE ausgewählt ist.

7. Das Verfahren nach Anspruch 1, wobei die ausge-
wählte Uplink-Zusage zumindest teilweise ausge-
wählt ist auf Basis von: einem von der UE verwen-
deten Dienst, oder einer Dienstanforderung der UE,
oder einer Dienstqualitäts-, QoS, - Anforderung der
UE, oder einer Zugriffspriorität der UE, oder unter-
schiedlichen Slices, oder Kombinationen davon.

8. Ein drahtloses Kommunikationsverfahren an einer
Netzwerkzugriffsvorrichtung, umfassend:
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Empfangen (1205) einer Zufallszugriffs-Präam-
bel; und
Übertragen (1210) einer Zufallszugriffs-Ant-
wortnachricht, welche eine Mehrzahl von mit der
Zufallszugriffs-Präambel assoziierten Uplink-
Zusagen umfasst, wobei jede Uplink-Zusage in
der Mehrzahl von Uplink-Zusagen mit einer un-
terschiedlichen Übertragungsressource assozi-
iert ist.

9. Das Verfahren nach Anspruch 8, ferner umfassend:
Empfangen von Übertragungen von zumindest zwei
Benutzervorrichtungen, UEs, auf Übertragungsres-
sourcen, welche mit zumindest zwei Uplink-Zusagen
aus der Mehrzahl von Uplink-Zusagen assoziiert
sind.

10. Das Verfahren nach Anspruch 8, ferner umfassend:
Identifizieren einer Anzahl von Uplink-Zusagen in
der Mehrzahl von Uplink-Zusagen zumindest teilwei-
se basierend auf: einer Netzwerklast, oder einer
Schätzung einer Anzahl von Kollisionen zwischen
Übertragungen der Zufallszugriffs-Präambel durch
unterschiedliche Benutzervorrichtungen, UEs, oder
einer Schätzung einer Anzahl von Kollisionen zwi-
schen Übertragungen durch unterschiedliche UEs
unter Verwendung einer selben in der Zufallszu-
griffs-Antwortnachricht enthaltenen Uplink-Zusage,
oder einer Anzahl von Kanalelementen in einem
Empfänger der Netzwerkzugriffsvorrichtung, oder
einer Anzahl verfügbarer Übertragungsressourcen,
oder einer Empfangszeit der Zufallszugriffs-Präam-
bel, oder Kombinationen davon.

11. Das Verfahren nach Anspruch 8, ferner umfassend:
Assoziieren von zumindest zwei der Uplink-Zusagen
mit: unterschiedlichen Merkmalssätzen, oder unter-
schiedlichen maximalen Kanalbandbreiten, oder un-
terschiedlichen Nutzlastgrößen, oder unterschiedli-
chen Dienstsätzen, oder unterschiedlichen
Dienstanforderungen, oder unterschiedlichen
Dienstqualitäts-, QoS, -Profilen, oder unterschiedli-
chen Zugriffsprioritäten, oder unterschiedlichen Sli-
ces, oder Kombinationen davon.

12. Das Verfahren nach Anspruch 11, ferner umfas-
send:

Empfangen einer Übertragung von einer Benut-
zervorrichtung, UE, auf einer Übertragungsres-
source, welche mit einer Uplink-Zusage in der
Mehrzahl von Uplink-Zusagen assoziiert ist; und
Identifizieren, zumindest teilweise basierend
auf der Übertragungsressource, auf welcher die
Übertragung empfangen wird, zumindest eines
von: einem von der UE unterstützten Merkmals-
satz, oder einer von der UE unterstützten Ka-
nalbandbreite, oder einer Menge von Daten in

einem Übertragungspuffer der UE, oder einem
von der UE verwendeten Dienst, oder einer
Dienstanforderung der UE, oder einer QoS-An-
forderung der UE, oder einer Zugriffspriorität der
UE, oder unterschiedlichen Slices, oder Kombi-
nationen davon.

13. Eine Vorrichtung für drahtlose Kommunikation an ei-
ner Benutzervorrichtung, UE, umfassend:

Mittel zum Übertragen (1105) einer Zufallszu-
griffs-Präambel;
Mittel zum Empfangen (1110) einer Zufallszu-
griffs-Antwortnachricht, welche eine Mehrzahl
von mit der Zufallszugriffs-Präambel assoziier-
ten Uplink-Zusagen umfasst, wobei jede Uplink-
Zusage in der Mehrzahl von Uplink-Zusagen mit
einer unterschiedlichen Übertragungsressour-
ce assoziiert ist;
Mittel zum Auswählen (1115) einer Uplink-Zu-
sage aus der Mehrzahl von Uplink-Zusagen;
und
Mittel zum Übertragen (1120) unter Verwen-
dung der ausgewählten Uplink-Zusage.

14. Eine Vorrichtung für drahtlose Kommunikation an ei-
ner Netzwerkzugriffsvorrichtung, umfassend:

Mittel zum Empfangen (1205) einer Zufallszu-
griffs-Präambel; und
Mittel zum Übertragen (1210) einer Zufallszu-
griffs-Antwortnachricht, welche eine Mehrzahl
von mit der Zufallszugriffs-Präambel assoziier-
ten Uplink-Zusagen umfasst, wobei jede Uplink-
Zusage in der Mehrzahl von Uplink-Zusagen mit
einer unterschiedlichen Übertragungsressour-
ce assoziiert ist.

15. Ein Computerprogrammprodukt mit Anweisungen
zum Implementieren eines Verfahrens nach Ansprü-
chen 1-12 bei Ausführung auf einem Computer.

Revendications

1. Un procédé de communication sans fil au niveau
d’un équipement utilisateur, UE, comprenant :

la transmission (1105) d’un préambule d’accès
aléatoire ;
la réception (1110) d’un message de réponse
d’accès aléatoire qui inclut une pluralité d’auto-
risations de liaison montante associées au
préambule d’accès aléatoire, dans lequel cha-
que autorisation de liaison montante dans la plu-
ralité d’autorisations de liaison montante est as-
sociée à une ressource de transmission
différente ;
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la sélection (1115) d’une autorisation de liaison
montante parmi la pluralité d’autorisations de
liaison montante ; et
la transmission (1120) à l’aide de l’autorisation
de liaison montante sélectionnée.

2. Le procédé selon la revendication 1, dans lequel une
première ressource de transmission associée à une
première autorisation de liaison montante et une se-
conde ressource de transmission associée à une se-
conde autorisation de liaison montante comprennent
au moins l’un parmi : des temps de transmission dif-
férents, ou des fréquences de transmission différen-
tes, ou des codes de brouillage différents, ou des
codes de découpage en canaux différents, ou des
indices de faisceau différents, ou des identifiants,
ID, d’UE différents, ou des combinaisons de ceux-ci.

3. Le procédé selon la revendication 1, dans lequel la
sélection de l’autorisation de liaison montante
comprend :
la sélection aléatoire de l’autorisation de liaison mon-
tante parmi la pluralité d’autorisations de liaison
montante.

4. Le procédé selon la revendication 1, dans lequel au
moins deux des autorisations de liaison montante
sont associées à des ensembles de caractéristiques
différents, et dans lequel l’autorisation de liaison
montante sélectionnée est sélectionnée sur la base
au moins en partie d’un ensemble de caractéristi-
ques pris en charge par l’UE.

5. Le procédé selon la revendication 1, dans lequel au
moins deux des autorisations de liaison montante
sont associées à des largeurs maximales de bande
de canal différentes, et dans lequel l’autorisation de
liaison montante sélectionnée est sélectionnée sur
la base au moins en partie d’une largeur maximale
de bande de canal prise en charge par l’UE.

6. Le procédé selon la revendication 1, dans lequel au
moins deux des autorisations de liaison montante
sont associées à des tailles de charge utile différen-
tes, et dans lequel l’autorisation de liaison montante
sélectionnée est sélectionnée sur la base au moins
en partie d’une quantité de données dans une mé-
moire tampon de transmission de l’UE.

7. Le procédé selon la revendication 1, dans lequel
l’autorisation de liaison montante sélectionnée est
sélectionnée sur la base au moins en partie : d’un
service utilisé par l’UE, ou d’une exigence de service
de l’UE, ou d’une exigence de qualité de service,
QoS, de l’UE, ou d’une priorité d’accès de l’UE, ou
de tranches différentes, ou des combinaisons de
ceux-ci.

8. Un procédé de communication sans fil au niveau
d’un dispositif d’accès réseau, comprenant :

la réception (1205) d’un préambule d’accès
aléatoire ; et
la transmission (1210) d’un message de répon-
se d’accès aléatoire qui inclut une pluralité
d’autorisations de liaison montante associées
au préambule d’accès aléatoire, dans lequel
chaque autorisation de liaison montante dans la
pluralité d’autorisations de liaison montante est
associée à une ressource de transmission dif-
férente.

9. Le procédé selon la revendication 8, comprenant en
outre :
la réception de transmissions en provenance d’au
moins deux équipements utilisateurs, UE, sur des
ressources de transmission associées à au moins
deux autorisations de liaison montante dans la plu-
ralité d’autorisations de liaison montante.

10. Le procédé selon la revendication 8, comprenant en
outre :
l’identification d’un nombre d’autorisations de liaison
montante dans la pluralité d’autorisations de liaison
montante sur la base au moins en partie : d’une char-
ge de réseau, ou d’une estimation d’un nombre de
collisions entre des transmissions du préambule
d’accès aléatoire par des équipements utilisateurs,
UE, différents, ou d’une estimation d’un nombre de
collisions entre des transmissions par des UE diffé-
rents à l’aide d’une même autorisation de liaison
montante incluse dans le message de réponse d’ac-
cès aléatoire, ou d’un nombre d’éléments de canal
dans un récepteur du dispositif d’accès réseau, ou
d’un nombre de ressources de transmission dispo-
nibles, ou d’une heure de réception du préambule
d’accès aléatoire, ou des combinaisons de ceux-ci.

11. Le procédé selon la revendication 8, comprenant en
outre :
l’association d’au moins deux des autorisations de
liaison montante à : des ensembles de caractéristi-
ques différents, ou des largeurs maximales de bande
de canal différentes, ou des tailles de charge utile
différentes, ou des ensembles différents de services,
ou des exigences de service différentes, ou des pro-
fils de qualité de service, QoS, différents, ou des
priorités d’accès différentes, ou des tranches diffé-
rentes, ou des combinaisons de ceux-ci.

12. Le procédé selon la revendication 11, comprenant
en outre :

la réception d’une transmission, en provenance
d’un équipement utilisateur, UE, sur une res-
source de transmission associée à une autori-
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sation de liaison montante dans la pluralité
d’autorisations de liaison montante ; et
l’identification, sur la base au moins en partie de
la ressource de transmission sur laquelle la
transmission est reçue, d’au moins l’un parmi :
un ensemble de caractéristiques pris en charge
par l’UE, ou une largeur de bande de canal prise
en charge par l’UE, ou une quantité de données
dans une mémoire tampon de transmission de
l’UE, ou un service utilisé par l’UE, ou une exi-
gence de service de l’UE, ou une exigence de
QoS de l’UE, ou une priorité d’accès de l’UE, ou
des tranches différentes, ou des combinaisons
de ceux-ci.

13. Un appareil de communication sans fil au niveau
d’un équipement utilisateur, UE, comprenant :

un moyen de transmission (1105) d’un préam-
bule d’accès aléatoire ;
un moyen de réception (1110) d’un message de
réponse d’accès aléatoire qui inclut une pluralité
d’autorisations de liaison montante associées
au préambule d’accès aléatoire, dans lequel
chaque autorisation de liaison montante dans la
pluralité d’autorisations de liaison montante est
associée à une ressource de transmission
différente ;
un moyen de sélection (1115) d’une autorisation
de liaison montante parmi la pluralité d’autori-
sations de liaison montante ; et
un moyen de transmission (1120) à l’aide de
l’autorisation de liaison montante sélectionnée.

14. Un appareil de communication sans fil au niveau
d’un dispositif d’accès réseau, comprenant :

un moyen de réception (1205) d’un préambule
d’accès aléatoire ; et
un moyen de transmission (1210) d’un message
de réponse d’accès aléatoire qui inclut une plu-
ralité d’autorisations de liaison montante asso-
ciées au préambule d’accès aléatoire, dans le-
quel chaque autorisation de liaison montante
dans la pluralité d’autorisations de liaison mon-
tante est associée à une ressource de transmis-
sion différente.

15. Un produit de
programme d’ordinateur comprenant des instruc-
tions pour implémenter, lorsqu’il est exécuté par un
ordinateur, tout procédé des revendications 1 à 12.
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