wo 2017/074437 A1 | 100N OO OO0 O R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date

4 May 2017 (04.05.2017) WIPO I PCT

(10) International Publication Number

WO 2017/074437 Al

(51) International Patent Classification:
HO04W 28/02 (2009.01)

(21) International Application Number:
PCT/US2015/058390

(22) International Filing Date:
30 October 2015 (30.10.2015)

(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: NOKIA TECHNOLOGIES OY [FI/FI];
Karaportti 3, FI-02610 Espoo (FI).

(71) Applicant (for LC only): NOKIA USA INC. [US/US];
200 South Mathilda Avenue, Sunnyvale, CA 94086 (US).

(72) Inventors: KOSKELA, Timo; Harjapaankatu 32 B 30, FI-
90120 Oulu (FI). TURTINEN, Samuli, Heikki; Poolatie 3
A, FI-91100 Li (FI). VAN PHAN, Vinh; Meritullinraitii 1,
FI-90100 Oulu (FI).

(74

(8D

(84)

Agents: GOLDHUSH, Douglas, H. et al.; Squire Patton
Boggs (us) LLP, 8000 Towers Crescent Dr., 14th Floor,
Vienna, VA 22182-6212 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Title: PROCEDURES FOR REPORTING BUFFER STATUS

22

. N

Processor

28

(57) Abstract: Systems, methods, apparatuses, and
computer program products for reporting buffer
status. One method includes determining, by a net-
work node, at least one condition for triggering send-
ing of a buffer status report scheduling request (BSR-
SR), and determining whether sending of a medium
access control layer buffer status report (MAC BSR)

10  should also be triggered based on the at least one con-

dition. The method may then include triggering trans-
mission of the buffer status report scheduling request
(BSR-SR) and/or the medium access control layer
buftfer status report (MAC BSR) when the at least one
condition is met. The triggering may include configur-
ing a user equipment with the determined triggers.



WO 2017/074437 A1 WK 000D 000N A

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, Published:
GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))
Declarations under Rule 4.17:

—  of inventorship (Rule 4.17(iv))



WO 2017/074437 PCT/US2015/058390

PROCEDURES FOR REPORTING BUFFER STATUS

BACKGROUND:

Field:

[0001] Embodiments of the invention generally relate to wireless
communications networks, such as, but not limited to, the Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access Network
(UTRAN), Long Term Evolution (LTE) Evolved UTRAN (E-UTRAN),
LTE-Advanced (LTE-A), and/or 5G radio access technology. Some
embodiments may generally relate to transmitting buffer status report(s).
Description of the Related Art:

[0002] Universal Mobile Telecommunications System (UMTS) Terrestrial
Radio Access Network (UTRAN) refers to a communications network
including base stations, or Node Bs, and for example radio network
controllers (RNC). UTRAN allows for connectivity between the user
equipment (UE) and the core network. The RNC provides control
functionalities for one or more Node Bs. The RNC and its corresponding
Node Bs are called the Radio Network Subsystem (RNS). In case of E-
UTRAN (enhanced UTRAN), no RNC exists and most of the RNC
functionalities are contained in the evolved Node B (eNodeB or eNB).

[0003] Long Term Evolution (LTE) or E-UTRAN refers to improvements of
the UMTS through improved efficiency and services, lower costs, and use of
new spectrum opportunities. In particular, LTE is a 3GPP standard that
provides for uplink peak rates of at least, for example, 75 megabits per
second (Mbps) per carrier and downlink peak rates of at least, for example,
300 Mbps per carrier. LTE supports scalable carrier bandwidths from
20 MHz down to 1.4 MHz and supports both Frequency Division Duplexing
(FDD) and Time Division Duplexing (TDD).
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[0004] As mentioned above, LTE may also improve spectral efficiency in
networks, allowing carriers to provide more data and voice services over a
given bandwidth. Therefore, LTE is designed to fulfill the needs for high-
speed data and media transport in addition to high-capacity voice support.
Advantages of LTE include, for example, high throughput, low latency, FDD
and TDD support in the same platform, an improved end-user experience,
and a simple architecture resulting in low operating costs.

[0005] Certain releases of 3GPP LTE (e.g., LTE Rel-10, LTE Rel-11, LTE
Rel-12, LTE Rel-13) are targeted towards international mobile
telecommunications advanced (IMT-A) systems, referred to herein for
convenience simply as LTE-Advanced (LTE-A).

[0006] LTE-A is directed toward extending and optimizing the 3GPP LTE
radio access technologies. A goal of LTE-A is to provide significantly
enhanced services by means of higher data rates and lower latency with
reduced cost. LTE-A is a more optimized radio system fulfilling the
international telecommunication union-radio (ITU-R) requirements for IMT-
Advanced while keeping the backward compatibility. One the key features of
LTE-A, introduced in LTE Rel-10, is carrier aggregation, which allows for

increasing the data rates through aggregation of two or more LTE carriers.

SUMMARY:

[0007]One embodiment is directed to a method which may include
determining, by a network node, at least one condition for triggering sending
of a buffer status report scheduling request (BSR-SR). The method may also
include determining whether sending of a medium access control layer
buffer status report (MAC BSR) should also be triggered based on the at
least one condition. The method may then include triggering transmission of
the buffer status report scheduling request (BSR-SR) and/or the medium
access control layer buffer status report (MAC BSR) when the at least one
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condition is met, wherein the triggering comprises configuring a user
equipment with the determined triggers.

[0008] Another embodiment is directed to an apparatus that includes at least
one processor and at least one memory comprising computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to determine at
least one condition for triggering sending of a buffer status report scheduling
request (BSR-SR), to determine whether sending of a medium access control
layer buffer status report (MAC BSR) should also be triggered based on the
at least one condition, and to trigger transmission of the buffer status
report scheduling request (BSR-SR) and/or the medium access control layer
buffer status report (MAC BSR) when the at least one condition is met,
wherein the triggering comprises configuring a user equipment with the
determined triggers.

[0009] Another embodiment is directed to an apparatus which may include
determining means for determining at least one condition for triggering
sending of a buffer status report scheduling request (BSR-SR), determining
whether sending of a medium access control layer buffer status report (MAC
BSR) should also be triggered based on the at least one condition, and
triggering means for triggering transmission of the buffer status report
scheduling request (BSR-SR) and/or the medium access control layer buffer
status report (MAC BSR) when the at least one condition is met, wherein the
triggering comprises configuring a user equipment with the determined
triggers.

[0010] Another embodiment is directed to a computer program embodied on
a computer readable medium. The computer program may be configured to
control a processor to perform a process that includes determining at least
one condition for triggering sending of a buffer status report scheduling
request (BSR-SR). The process may also include determining whether

sending of a medium access control layer buffer status report (MAC BSR)
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should also be triggered based on the at least one condition. The process may
then include triggering transmission of the buffer status report scheduling
request (BSR-SR) and/or the medium access control layer buffer status
report (MAC BSR) when the at least one condition is met, wherein the
triggering comprises configuring a user equipment with the determined
triggers.

[0011] Another embodiment is directed to a method which may include
receiving, by a user equipment, a trigger for transmission of a buffer status
report scheduling request (BSR-SR) and/or a medium access control layer
buffer status report (MAC BSR) based on at least one condition. The method
may also include transmitting the buffer status report scheduling request
(BSR-SR) and/or the medium access control layer buffer status report (MAC
BSR).

[0012] Another embodiment is directed to an apparatus that includes at least
one processor and at least one memory comprising computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to receive a
trigger for transmission of a buffer status report scheduling request (BSR-
SR) and/or a medium access control layer buffer status report (MAC BSR)
based on at least one condition, and to transmit the buffer status report
scheduling request (BSR-SR) and/or the medium access control layer buffer
status report (MAC BSR).

[0013] Another embodiment is directed to an apparatus that may include
receiving means for receiving a trigger for transmission of a buffer status
report scheduling request (BSR-SR) and/or a medium access control layer
buffer status report (MAC BSR) based on at least one condition, and
transmitting means for transmitting the buffer status report scheduling
request (BSR-SR) and/or the medium access control layer buffer status

report (MAC BSR).
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[0014] Another embodiment is directed to a computer program embodied on
a computer readable medium. The computer program may be configured to
control a processor to perform a process that includes receiving a trigger for
transmission of a buffer status report scheduling request (BSR-SR) and/or a
medium access control layer buffer status report (MAC BSR) based on at
least one condition. The process may also include transmitting the buffer
status report scheduling request (BSR-SR) and/or the medium access control

layer buffer status report (MAC BSR).

BRIEF DESCRIPTION OF THE DRAWINGS:

[0015] For proper understanding of the invention, reference should be made
to the accompanying drawings, wherein:

[0016] Fig. 1a illustrates a block diagram of an apparatus, according to one
embodiment;

[0017]Fig. 1b illustrates a block diagram of an apparatus, according to
another embodiment;

[0018] Fig. 2a illustrates a flow diagram of a method, according to one
embodiment; and

[0019] Fig. 2b illustrates a flow diagram of a method, according to another

embodiment.

DETAILED DESCRIPTION:

[0020] It will be readily understood that the components of the invention, as
generally described and illustrated in the figures herein, may be arranged and
designed in a wide variety of different configurations. Thus, the following
detailed description of embodiments of systems, methods, apparatuses, and
computer program products for reporting buffer status, as represented in the
attached figures, is not intended to limit the scope of the invention, but is

merely representative of some selected embodiments of the invention.
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[0021] The features, structures, or characteristics of the invention described
throughout this specification may be combined in any suitable manner in one

(9

or more embodiments. For example, the usage of the phrases “certain

99

embodiments,” “some embodiments,” or other similar language, throughout
this specification refers to the fact that a particular feature, structure, or
characteristic described in connection with the embodiment may be included
in at least one embodiment of the present invention. Thus, appearances of

99 6 99 6

the phrases “in certain embodiments,” “in some embodiments,” “in other

2

embodiments,” or other similar language, throughout this specification do
not necessarily all refer to the same group of embodiments, and the
described features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0022] Additionally, if desired, the different functions discussed below may
be performed in a different order and/or concurrently with each other.
Furthermore, if desired, one or more of the described functions may be
optional or may be combined. As such, the following description should be
considered as merely illustrative of the principles, teachings and
embodiments of this invention, and not in limitation thereof.

[0023] Embodiments of the invention may relate to the future 5G radio
access technology and may also be applicable to other technologies like
LTE-A. One potential enhancement in 5G is directed to configuring physical
layer resources for fast transmission of scheduling request(s) accompanied
with additional information to improve latency of initial resource allocation.
The additional information could include buffer status—an indication of the
amount of available data to be transmitted that a UE currently has in at least
one of the L2 buffers or priority queues of the corresponding L2 configured
logical channels or logical channel groups. This new request or message may
be referred to as a buffer status report — scheduling request (BSR-SR).

[0024] Information other than BSR, such as grant request type

(periodical/non-periodical), channel quality indicator (CQI) or a power
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headroom report, may also be included or mapped to this message. It is
assumed that, since this resource would be dedicated (as scheduling request
(SR)) and periodically/semi-statically available, it would not be able to carry
too much data. In other words, BSR-RS is a physical layer signaling message
which is sent on dedicated physical layer resources in a preconfigured
manner (e.g., a predefined physical control channel). It is expected that
physical layer signaling should be rather short in terms of the number of bits.
[0025] These physical layer resources may be configured in a similar manner
as currently done for ACK/NACK and channel quality indicator (CQI) in
3GPP TS 36.211 physical uplink control channel (PUCCH) formats (table
5.4-1). An example is shown below as TABLE 1. BSR-SR resources may be
configured as a new PUCCH format.
TABLE 1: Supported PUCCH formats

1a BPSK 1
1b QPSK 2
2 QPSK 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22
3 QPSK 48

[0026] An alternative way could be to configure the aforementioned BSR-SR
resources more flexibly to physical uplink shared channel (PUSCH) in
similar manner as random access channel (RACH) resources. The use of
these resources may be a sequenced based so that transmitted sequences
provide code division multiplexing (CDM) as is done in PUCCH or in
OFDMA/TDMA manner multiplexing users in time-frequency grid.

[0027] However, regardless how the BSR-SR resources are mapped to
physical layer resource it would be expected that these resources would have
some level of periodicity and predictability.

[0028] Considering potential enhancements for indicating L2 buffer status

and scheduling request together on dedicated L1 resources in 5G radio



WO 2017/074437 PCT/US2015/058390

8

access networks as described above, specific conditions or triggers should be
controlled and applied for sending L1 BSR-SR and MAC layer BSR so as to
avoid waste of resources as well as unnecessary UL transmissions which
may cause unnecessary interference.

[0029] Additionally, L1 resources for reporting BSR-SR may not always be
available with the same periodicity as SR resources (due to the different
resource requirement and, thus, BSR-SR resources may be available when
explicitly indicated). Hence, specific rules may need to be set for the cases
when to trigger transmission of SR / BSR-SR when both are configured.
[0030] Therefore, certain embodiments of the invention provide a method for
determining triggering of buffer status reports utilizing BSR-SR and/or
MAC BSR mechanisms. In addition, some embodiments are directed to
applying a set of rules to conditionally use MAC BSR and BSR-SR when
BSR has been triggered in the UE.

[0031] It is noted that, herein, the L1 buffer status report is referred to as
BSR-SR, and MAC layer indication of buffer status is referred to as BSR or
L2 BSR.

[0032] In one embodiment, the network (e.g., eNB or 5G access point) may
dynamically indicate the BSR-SR resources when the UE is requested to
enter discontinuous reception (DRX), for example in enhanced DRX
command. This enhanced DRX command may indicate the L1 resources
explicitly by indicating, e.g., resource index (similar to SR allocation on
PUCCH resources) or indicate availability (1 bit indication) of such
resources in DRX; when the UE may derive such resources based on, for
example, its ID (e.g., radio network temporary identifier (RNTI)) and/or
system frame number / subframe number or DRX cycle related parameters
when DRX starts.

[0033] Alternatively, such L1 BSR resources may have been configured

during initial access by higher layers (such as radio resource control (RRC))
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and activated by media access control (MAC) layer message when UE enters
DRX or receives DRX command. In case of dynamically assigned BSR-SR
resources, sending a MAC BSR releases BSR-SR resources (UE may receive
UL grant for MAC BSR earlier than BSR-SR resources become available or
it may transmit it on UL contention based channel).

[0034] This embodiment enables fast initiation of a data connection from
DRX. In addition, indicating of amount of data in the buffer in the
scheduling request enables eNB to determine more accurately the sufficient
allocation for UE. Configuring BSR-SR resources dynamically allows the
network to utilize resources more efficiently and on need basis.

[0035] According to one embodiment, when BSR-SR transmission is
triggered, it triggers a MAC Buffer Status Report (BSR) to be sent on the
next UL grant with the following possible extensions. In an embodiment, in
case there is no room in MAC PDU to report regular BSR (with separated
buffers for each logical channel group (LCG)/logical channel (LC)), the UE
reports only the buffer status of the highest priority logical channel or the
LCG including the highest priority LC which has data available in the MAC
BSR. Alternatively, in another embodiment, in case BSR-SR is transmitted,
it triggers only MAC BSR for highest priority logical channel or the LCG
including the highest priority LC which has data available. Alternatively, in
yet another embodiment, in case BSR-SR is transmitted and the UE has data
in only one LCG, it does not report the MAC BSR or it reports the MAC
BSR with all the data available for transmission. Alternatively, in another
embodiment, in case BSR-SR is transmitted and the UE has data in multiple
LCGs, one of the LCGs’ buffers is not reported (e.g., the LCG having lowest
priority LCs with data); the UE may still indicate all the LCGs having data in
the MAC BSR.

[0036] It is noted that all the above cases may also include the option that

BSR-SR is transmitted in the same time transmission interval (TTI) as the
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said UL grant (within the TTI, UL data resources may be located before UL

control resources i.e., BSR-SR resources).

[0037] A BSR-SR may have limited amount of bits available; thus, MAC
BSR as described above provides more accurate report for each LCG while
BSR-SR may report the total buffer status

[0038] According to an embodiment, when BSR-SR resources are
configured, the network may configure the UE to allow use of BSR-SR
resources only for specific LCG or LCGs or alternatively specific LC or
LCs. In one option, when BSR-SR and SR resources are both configured, for
other LCGs the UE may use normal SR plus MAC BSR. Since BSR-SR
resources may not be able to carry much information in addition for amount
of data in the buffer (e.g., LCG, of LC identifiers), having resources for pre-
configured logical channels allows the network to know that high priority
data has arrived to UE buffer.

[0039] In an embodiment, when BSR-SR has been transmitted and pending
and no UL grant is available before new BSR-SR resources become
available, the following is provided: If the buffer status has not changed N-
bytes during the time since a BSR-SR was transmitted and new BSR-SR
resources are available the UE is not allowed to use the resources; or, in case
the buffer status of all LCGs was transmitted in the pending BSR-SR the UE
may transmit the BSR of highest priority LC or alternatively the LCG
including the highest priority LC which has data available (i.e., which
LCG/LC is transmitted and N-byte thresholds may also be configured
explicitly by network). One use case for this option may be that the network
has sent UE DL data which will trigger UE feedback to be sent, the feedback
resources (e.g., a specific PUCCH format) may incorporate the BSR-SR
resources.

[0040] In another embodiment, when SR is pending (sr-ProhibitTimer
running) and BSR-SR resources are available, the following is provided: the

UE ignores sr-ProhibitTimer and transmits BSR-SR; or, alternatively the
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network may configure to allow UE to ignore sr-ProhibitTimer if specific
LCG or LCGs have new data available. When new data is available for the
said LCG(s) the BSR-SR includes the buffer status only of the said LCG(s)
or the highest priority LCG. Since prohibit timers prevent user to
unnecessarily request again resources (e.g. the eNB may have already
processed the earlier request, or in the case of SPS), it may be beneficial to
provide additional information rather than just SR indication (e.g., buffer
status, CQI, power headroom).

[0041] According to one embodiment when BSR-SR and SR resources are
located inside the configured time window (N-subframes) and SR resource is
available first, the UE may defer the SR transmission and wait for the SR-
BSR resource. In one embodiment, the deferring may also depend on which
LCG is having data, or on the amount of data in the buffer (below/above
threshold). For instance, if the amount of data available to transmit is below
threshold, it will send SR, otherwise it will wait for BSR-SR resource. This
avoids unnecessary triggering of multiple scheduling requests in too short
intervals.

[0042]In one embodiment, when PUCCH feedback which included the
BSR-SR resources is transmitted in response to DL assignment and the
reported feedback is ACK, in case the eNB schedules an adaptive re-
transmission of the said DL assignment, the UE will trigger BSR-SR and/or
MAC BSR. BSR is re-triggered/transmitted since the UE notices an ACK to
NACK error has occurred and the BSR included in the feedback was not
received correctly.

[0043] In another embodiment, the BSR-SR format may have bitmap of
LCs/LCGs which have data, the BSR-SR indicates scheduling request per
logical channel (or group). This allows the eNB to do scheduling decisions
based on the priority. The LCs/LCGs included in the bitmap may be
configured dynamically by the network using MAC or RRC signaling or

such bitmap may be fixed.
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[0044] Fig. 1a illustrates an example of an apparatus 10 according to an
embodiment. In an embodiment, apparatus 10 may be a node, host, or server
in a communications network or serving such a network. For example, in
certain embodiments, apparatus 10 may be a network node or access node
for a radio access network, such as a base station in UMTS or eNB in LTE
or LTE-A. However, in other embodiments, apparatus 10 may be other
components within a radio access network. It should be noted that one of
ordinary skill in the art would understand that apparatus 10 may include
components or features not shown in Fig. 1a.

[0045] As illustrated in Fig. la, apparatus 10 includes a processor 22 for
processing information and executing instructions or operations. Processor
22 may be any type of general or specific purpose processor. While a single
processor 22 is shown in Fig. la, multiple processors may be utilized
according to other embodiments. In fact, processor 22 may include one or
more of general-purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), field-programmable gate
arrays (FPGAs), application-specific integrated circuits (ASICs), and
processors based on a multi-core processor architecture, as examples.

[0046] Apparatus 10 may further include or be coupled to a memory 14
(internal or external), which may be coupled to processor 22, for storing
information and instructions that may be executed by processor 22. Memory
14 may be one or more memories and of any type suitable to the local
application environment, and may be implemented using any suitable
volatile or nonvolatile data storage technology such as a semiconductor-
based memory device, a magnetic memory device and system, an optical
memory device and system, fixed memory, and removable memory. For
example, memory 14 can be comprised of any combination of random access
memory (RAM), read only memory (ROM), static storage such as a
magnetic or optical disk, or any other type of non-transitory machine or

computer readable media. The instructions stored in memory 14 may
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include program instructions or computer program code that, when executed
by processor 22, enable the apparatus 10 to perform tasks as described
herein.

[0047] In some embodiments, apparatus 10 may also include or be coupled to
one or more antennas 25 for transmitting and receiving signals and/or data to
and from apparatus 10. Apparatus 10 may further include or be coupled to a
transceiver 28 configured to transmit and receive information. For instance,
transceiver 28 may be configured to modulate information on to a carrier
waveform for transmission by the antenna(s) 25 and demodulate information
received via the antenna(s) 25 for further processing by other elements of
apparatus 10. In other embodiments, transceiver 28 may be capable of
transmitting and receiving signals or data directly.

[0048] Processor 22 may perform functions associated with the operation of
apparatus 10 which may include, for example, precoding of antenna
gain/phase parameters, encoding and decoding of individual bits forming a
communication message, formatting of information, and overall control of
the apparatus 10, including processes related to management of
communication resources.

[0049]In an embodiment, memory 14 may store software modules that
provide functionality when executed by processor 22. The modules may
include, for example, an operating system that provides operating system
functionality for apparatus 10. The memory may also store one or more
functional modules, such as an application or program, to provide additional
functionality for apparatus 10. The components of apparatus 10 may be
implemented in hardware, or as any suitable combination of hardware and
software.

[0050] In one embodiment, apparatus 10 may be a network node or access
node, such as a base station in UMTS or an eNB in LTE or LTE-A, for
example. According to certain embodiments, apparatus 10 may be

controlled by memory 14 and processor 22 to determine at least one condition
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for triggering the sending of a buffer status report scheduling request (BSR-
SR), and to determine whether a sending of a medium access control layer
buffer status report (MAC BSR) should also be triggered based on the at least
one condition. In an embodiment, apparatus 10 may be further controlled by
memory 14 and processor 22 to trigger transmission of the buffer status report
scheduling request (BSR-SR) and/or the medium access control layer buffer
status report (MAC BSR) when the at least one condition is met. According to
one embodiment, the triggering may also include configuring a user equipment
with the determined triggers.

[0051] In an embodiment, when a user equipment is requested to enter
discontinuous reception (DRX), apparatus 10 may be controlled by memory
14 and processor 22 to dynamically indicate BSR-SR resources in an
enhanced DRX command. The DRX command may indicate one or more of
the following: layer 1 resources by indicating resource index or indicate
availability of resources in DRX, when the user equipment may derive the
resources based on an identifier of the user equipment and/or system frame
number or DRX cycle related parameters when DRX starts.

[0052] In one embodiment, sending the MAC BSR may release BSR-SR
resources. In certain embodiments, BSR-SR resources may be configured
during initial access by higher layers and activated by MAC layer message
when a user equipment enters DRX or receives DRX command.

[0053] According to an embodiment, when BSR-SR transmission is triggered,
apparatus 10 may be controlled by memory 14 and processor 22 to trigger
MAC BSR to be sent on a next uplink grant. In one embodiment, when BSR-
SR resources are configured, apparatus 10 may be controlled by memory 14
and processor 22 to configure a user equipment to allow use of BSR-SR
resources only for specific logical channel group(s) or for specific logical
channel(s).

[0054] In an embodiment, when the BSR-SR has been transmitted and

pending and no uplink grant is available before new BSR-SR resources
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become available, apparatus 10 may be controlled by memory 14 and
processor 22 to prevent user equipment from using the resources when the
buffer status has not changed N-bytes during a time since a BSR-SR was
transmitted and new BSR-SR resources are available. Alternatively, when
buffer status of all logical channel groups was transmitted in the pending BSR-
SR, apparatus 10 may be controlled by memory 14 and processor 22 to allow
the user equipment to transmit the BSR of highest priority logical channel or
the logical channel group including the highest priority logical channel which
has data available.

[0055] In certain embodiments, when a scheduling request is pending, sr-
ProhibitTimer is running, and BSR-SR resources are available, apparatus 10
may be controlled by memory 14 and processor 22 to allow user equipment to
ignore sr-ProhibitTimer and to transmit BSR-SR, or to allow user equipment
to ignore sr-ProhibitTimer when specific logical channel group(s) have new
data available and to transmit BSR-SR including buffer status of only said
specific logical channel group(s) or of highest priority logical channel group.
[0056] According to an embodiment, when BSR-SR and scheduling request
resources are located inside configured time window and scheduling request
resource 1s available first, apparatus 10 may be controlled by memory 14 and
processor 22 to allow user equipment to defer the scheduling request
transmission and wait for the BSR-SR resource. In one embodiment, the BSR-
SR format has a bitmap of logical channels or logical channel groups which
have data, and the BSR-SR indicates scheduling request per logical channel or
logical channel group. In an embodiment, the LCs/LCGs included in the
bitmap may be configured dynamically by the apparatus 10 using MAC or
RRC signaling or the bitmap may be fixed.

[0057] Fig. 5b illustrates an example of an apparatus 20 according to another
embodiment. In an embodiment, apparatus 20 may be a node or element in a
communications network or associated with such a network, such as a UE,

mobile device, mobile unit, a machine type UE or other device. For
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instance, in some embodiments, apparatus 20 may be UE in LTE or LTE-A.
It should be noted that one of ordinary skill in the art would understand that
apparatus 20 may include components or features not shown in Fig. 5b.
[0058] As illustrated in Fig. 5b, apparatus 20 includes a processor 32 for
processing information and executing instructions or operations. Processor
32 may be any type of general or specific purpose processor. While a single
processor 32 is shown in Fig. 5b, multiple processors may be utilized
according to other embodiments. In fact, processor 32 may include one or
more of general-purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), field-programmable gate
arrays (FPGAs), application-specific integrated circuits (ASICs), and
processors based on a multi-core processor architecture, as examples.

[0059] Apparatus 20 may further include or be coupled to a memory 34
(internal or external), which may be coupled to processor 32, for storing
information and instructions that may be executed by processor 32. Memory
34 may be one or more memories and of any type suitable to the local
application environment, and may be implemented using any suitable
volatile or nonvolatile data storage technology such as a semiconductor-
based memory device, a magnetic memory device and system, an optical
memory device and system, fixed memory, and removable memory. For
example, memory 34 can be comprised of any combination of random access
memory (RAM), read only memory (ROM), static storage such as a
magnetic or optical disk, or any other type of non-transitory machine or
computer readable media. The instructions stored in memory 34 may
include program instructions or computer program code that, when executed
by processor 32, enable the apparatus 20 to perform tasks as described
herein.

[0060] In some embodiments, apparatus 20 may also include or be coupled to
one or more antennas 35 for transmitting and receiving signals and/or data to

and from apparatus 20. Apparatus 20 may further include a transceiver 38
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configured to transmit and receive information. For instance, transceiver 38
may be configured to modulate information on to a carrier waveform for
transmission by the antenna(s) 35 and demodulate information received via
the antenna(s) 35 for further processing by other elements of apparatus 20.
In other embodiments, transceiver 38 may be capable of transmitting and
receiving signals or data directly.

[0061] Processor 32 may perform functions associated with the operation of
apparatus 20 including, without limitation, precoding of antenna gain/phase
parameters, encoding and decoding of individual bits forming a
communication message, formatting of information, and overall control of
the apparatus 20, including processes related to management of
communication resources.

[0062] In an embodiment, memory 34 stores software modules that provide
functionality when executed by processor 32. The modules may include, for
example, an operating system that provides operating system functionality
for apparatus 20. The memory may also store one or more functional
modules, such as an application or program, to provide additional
functionality for apparatus 20. The components of apparatus 20 may be
implemented in hardware, or as any suitable combination of hardware and
software.

[0063] As mentioned above, according to one embodiment, apparatus 20 may
be a mobile device, such as a UE in LTE or LTE-A. In one embodiment,
apparatus 20 may be controlled by memory 34 and processor 32 to receive a
trigger for transmission of a buffer status report scheduling request (BSR-SR)
and/or a medium access control layer buffer status report (MAC BSR) based
on at least one condition, and to transmit the buffer status report scheduling
request (BSR-SR) and/or the medium access control layer buffer status report
(MAC BSR).

[0064] According to one embodiment, apparatus 20 may be controlled by

memory 34 and processor 32 to receive a dynamic indication of BSR-SR
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resources in an enhanced DRX command, when the apparatus is requested to
enter discontinuous reception (DRX). In one embodiment, apparatus 20 may
also be controlled by memory 34 and processor 32 to release BSR-SR
resources triggered by the transmitting of the MAC BSR.

[0065] In certain embodiments, BSR-SR resources may be configured during
initial access by higher layers and activated by MAC layer message when the
apparatus 20 enters DRX or receives DRX command. According to an
embodiment, when BSR-SR transmission is triggered, apparatus 20 may be
controlled by memory 34 and processor 32 to trigger transmitting of the MAC
BSR on a next uplink grant.

[0066] According to some embodiments, when there is no space in MAC
packet data unit (PDU) to report regular BSR, apparatus 20 may also be
controlled by memory 34 and processor 32 to report only the buffer status of
the highest priority logical channel or the logical channel group including the
highest priority logical channel which has data available in the MAC BSR.
Alternatively, when the BSR-SR is transmitted, apparatus 20 may also be
controlled by memory 34 and processor 32 to trigger transmitting of only
MAC BSR for highest priority logical channel or the logical channel group
including the highest priority logical channel which has data available. As
another alternative, when the BSR-SR is transmitted and the apparatus has
data in only one logical channel group, apparatus 20 may also be controlled
by memory 34 and processor 32 to not report the MAC BSR or reporting the
MAC BSR with all the data available for transmission. As yet another
alternative, when the BSR-SR is transmitted and the apparatus has data in
multiple logical channel groups, a buffer of the logical channel group with a
lowest priority is not reported.

[0067] In certain embodiments, when a scheduling request is pending, sr-
ProhibitTimer is running, and BSR-SR resources are available, apparatus 20
may also be controlled by memory 34 and processor 32 to ignore st-

ProhibitTimer and transmitting BSR-SR, or to ignore sr-ProhibitTimer when
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specific logical channel group(s) have new data available and transmitting
BSR-SR including buffer status of only said specific logical channel group(s)
or of highest priority logical channel group.

[0068] According to some embodiments, when BSR-SR and scheduling
request resources are located inside configured time window and scheduling
request resource is available first, apparatus 20 may also be controlled by
memory 34 and processor 32 to defer the scheduling request transmission and
waiting for the BSR-SR resource. In an embodiment, the deferring of the
scheduling request transmission may depend on which logical channel group
contains data or on an amount of data available in the buffer.

[0069] In certain embodiments, when physical uplink control channel
(PUCCH) feedback including the BSR-SR resources is transmitted in response
to downlink assignment and reported feedback is ACK, apparatus 20 may also
be controlled by memory 34 and processor 32 to re-transmit BSR-SR and/or
MAC BSR. According to one embodiment, the BSR-SR format has a bitmap
of logical channel groups which have data, and the BSR-SR indicates
scheduling request per logical channel or logical channel group.

[0070] Fig. 2a illustrates an example flow diagram of a method for triggering
and/or reporting buffer status, according to one embodiment of the
invention. In certain embodiments, the method of Fig. 2a may be performed
by a network node, such as a base station or eNB. As illustrated in Fig. 2a,
the method may include, at 200, determining at least one condition for
triggering the sending of a buffer status report scheduling request (BSR-SR).
The method may also include, at 205, determining whether sending of a
medium access control layer buffer status report (MAC BSR) should also be
triggered based on the at least one condition. The method may then include, at
210, triggering transmission of the buffer status report scheduling request
(BSR-SR) and/or the medium access control layer buffer status report (MAC
BSR) when the at least one condition is met. In an embodiment, the triggering

may include configuring a user equipment with the determined triggers.
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[0071] In an embodiment, the triggering may further comprise, when a user
equipment is requested to enter discontinuous reception (DRX), dynamically
indicating BSR-SR resources in an enhanced DRX command. The DRX
command may indicate one or more of the following: layer 1 resources by
indicating resource index or indicate availability of resources in DRX, when
the user equipment may derive the resources based on an identifier of the user
equipment and/or system frame number or DRX cycle related parameters
when DRX starts. In an embodiment, sending the MAC BSR releases BSR-SR
resources.

[0072] In another embodiment, BSR-SR resources may be configured during
initial access by higher layers and activated by MAC layer message when a
user equipment enters DRX or receives DRX command.

[0073] According to an embodiment, when BSR-SR transmission is triggered,
the triggering further comprises triggering MAC BSR to be sent on a next
uplink grant. In certain embodiments, the method may further include, when
BSR-SR resources are configured, configuring a user equipment to allow use
of BSR-SR resources only for specific logical channel group(s) or for specific
logical channel(s).

[0074] In certain embodiments, when the BSR-SR has been transmitted and
pending and no uplink grant is available before new BSR-SR resources
become available, the method may further include preventing user equipment
from using the resources when the buffer status has not changed N-bytes
during a time since a BSR-SR was transmitted and new BSR-SR resources are
available. Alternatively, when buffer status of all logical channel groups was
transmitted in the pending BSR-SR, the method may also include allowing the
user equipment to transmit the BSR of highest priority logical channel or the
logical channel group including the highest priority logical channel which has

data available.



WO 2017/074437 PCT/US2015/058390

21

[0075] In some embodiments, when a scheduling request is pending, sr-
ProhibitTimer is running, and BSR-SR resources are available, the method
may further include allowing user equipment to ignore sr-ProhibitTimer and to
transmit BSR-SR, or allowing user equipment to ignore sr-ProhibitTimer
when specific logical channel group(s) have new data available and to transmit
BSR-SR including buffer status of only said specific logical channel group(s)
or of highest priority logical channel group.

[0076] According to an embodiment, when BSR-SR and scheduling request
resources are located inside configured time window and scheduling request
resource i1s available first, the method may further include allowing user
equipment to defer the scheduling request transmission and wait for the BSR-
SR resource. In one embodiment, the BSR-SR format has a bitmap of logical
channel groups which have data, and the BSR-SR indicates scheduling request
per logical channel or logical channel group.

[0077] Fig. 2b illustrates an example flow diagram of a method for triggering
and/or reporting buffer status, according to one embodiment of the
invention. In certain embodiments, the method of Fig. 2b may be performed
by a device, such as a UE in LTE or LTE-A. As illustrated in Fig. 2b, the
method may include, at 250, receiving, by a user equipment, a trigger for
transmission of a buffer status report scheduling request (BSR-SR) and/or a
medium access control layer buffer status report (MAC BSR) based on at least
one condition. The method may also include, at 260, transmitting the buffer
status report scheduling request (BSR-SR) and/or the medium access control
layer buffer status report (MAC BSR).

[0078] In an embodiment, the receiving may further include receiving a
dynamic indication of BSR-SR resources in an enhanced DRX command,
when the user equipment is requested to enter discontinuous reception (DRX).
According to one embodiment, the transmitting of the MAC BSR releases
BSR-SR resources.
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[0079] In one embodiment, BSR-SR resources are configured during initial
access by higher layers and activated by MAC layer message when the user
equipment enters DRX or receives DRX command. According to an
embodiment, when BSR-SR transmission is triggered, the transmitting may
further include triggering transmitting of the MAC BSR on a next uplink
grant.

[0080] According to some embodiments, when there is no space in MAC
packet data unit (PDU) to report regular BSR, the method may include
reporting only the buffer status of the highest priority logical channel or the
logical channel group including the highest priority logical channel which
has data available in the MAC BSR. Alternatively, when the BSR-SR is
transmitted, the method may include triggering transmitting of only MAC
BSR for highest priority logical channel or the logical channel group
including the highest priority logical channel which has data available. As
another alternative, when the BSR-SR is transmitted and the user equipment
has data in only one logical channel group, the method may include not
reporting the MAC BSR or reporting the MAC BSR with all the data
available for transmission. As yet another alternative, when the BSR-SR is
transmitted and the user equipment has data in multiple logical channel
groups, a buffer of the logical channel group with a lowest priority is not
reported.

[0081] In some embodiments, when a scheduling request is pending, sr-
ProhibitTimer is running, and BSR-SR resources are available, the method
may also include ignoring sr-ProhibitTimer and transmitting BSR-SR, or
ignoring sr-ProhibitTimer when specific logical channel group(s) have new
data available and transmitting BSR-SR including buffer status of only said
specific logical channel group(s) or of highest priority logical channel group.
[0082] According to an embodiment, when BSR-SR and scheduling request
resources are located inside configured time window and scheduling request

resource is available first, the method may further include deferring the
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scheduling request transmission and waiting for the BSR-SR resource. In one
embodiment, the deferring may depend on which logical channel group
contains data or on an amount of data available in the buffer.

[0083] In certain embodiments, when physical uplink control channel
(PUCCH) feedback including the BSR-SR resources is transmitted in response
to downlink assignment and reported feedback is ACK, the method may
include re-transmitting BSR-SR and/or MAC BSR. According to an
embodiment, the BSR-SR format has a bitmap of logical channel groups
which have data, and the BSR-SR indicates scheduling request per logical
channel or logical channel group.

[0084] According to embodiments, programs, also called program products
or computer programs, including software routines, applets and macros, may
be stored in any apparatus-readable data storage medium and they include
program instructions to perform particular tasks. A computer program
product may comprise one or more computer-executable components which,
when the program is run, are configured to carry out embodiments. The one
or more computer-executable components may be at least one software code
or portions of it. Modifications and configurations required for implementing
functionality of an embodiment may be performed as routine(s), which may
be implemented as added or updated software routine(s). Software routine(s)
may be downloaded into the apparatus.

[0085] Software or a computer program code or portions of it may be in a
source code form, object code form, or in some intermediate form, and it
may be stored in some sort of carrier, distribution medium, or computer
readable medium, which may be any entity or device capable of carrying the
program. Such carriers include a record medium, computer memory, read-
only memory, photoelectrical and/or electrical carrier signal,
telecommunications signal, and software distribution package, for example.
Depending on the processing power needed, the computer program may be

executed in a single electronic digital computer or it may be distributed
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amongst a number of computers. The computer readable medium or
computer readable storage medium may be a non-transitory medium.

[0086] In other embodiments, the functionality of any method or apparatus
described herein may be performed by hardware, for example through the
use of an application specific integrated circuit (ASIC), a programmable gate
array (PGA), a field programmable gate array (FPGA), or any other
combination of hardware and software. In yet another embodiment, the
functionality may be implemented as a signal, a non-tangible means that may
be carried by an electromagnetic signal downloaded from the Internet or
other network.

[0087] According to an embodiment, an apparatus, such as a node, device, or
a corresponding component, may be configured as a computer or a
microprocessor, such as single-chip computer element, or as a chipset,
including at least a memory for providing storage capacity used for
arithmetic operation and an operation processor for executing the arithmetic
operation.

[0088] One having ordinary skill in the art will readily understand that the
invention as discussed above may be practiced with steps in a different
order, and/or with hardware elements in configurations which are different
than those which are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, it would be apparent to
those of skill in the art that certain modifications, variations, and alternative
constructions would be apparent, while remaining within the spirit and scope
of the invention. In order to determine the metes and bounds of the

invention, therefore, reference should be made to the appended claims.
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WE CLAIM:

1. A method, comprising;:

determining, by a network node, at least one condition for triggering
sending of a buffer status report scheduling request (BSR-SR);

determining whether sending of a medium access control layer buffer
status report (MAC BSR) should also be triggered based on the at least one
condition; and

triggering transmission of the buffer status report scheduling request
(BSR-SR) and/or the medium access control layer buffer status report (MAC
BSR) when the at least one condition is met, wherein the triggering comprises

configuring a user equipment with the determined triggers.

2. The method according to claim 1, wherein the triggering further comprises,
when the user equipment is requested to enter discontinuous reception (DRX),

dynamically indicating BSR-SR resources in an enhanced DRX command.

3. The method according to claim 2, wherein the DRX command indicates at
least one of: layer 1 resources by indicating resource index or indicate
availability of resources in DRX, when the user equipment may derive the
resources based on an identifier of the user equipment and/or system frame

number or DRX cycle related parameters when DRX starts.

4. The method according to claim 2, wherein sending the MAC BSR releases
BSR-SR resources.

5. The method according to claim 1, wherein BSR-SR resources are
configured during initial access by higher layers and activated by MAC layer

message when the user equipment enters DRX or receives DRX command.
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6. The method according to any one of claims 1-5, wherein, when BSR-SR
transmission is triggered, the triggering further comprises triggering MAC

BSR to be sent on a next uplink grant.

7. The method according to any one of claims 1-5, further comprising, when
BSR-SR resources are configured, configuring the user equipment to allow
use of BSR-SR resources only for specific logical channel group(s) or for

specific logical channel(s).

8. The method according to claim 1, wherein, when the BSR-SR has been
transmitted and pending and no uplink grant is available before new BSR-SR
resources become available, the method further comprises:

preventing the user equipment from using the resources when the
buffer status has not changed N-bytes during a time since a BSR-SR was
transmitted and new BSR-SR resources are available; or

when buffer status of all logical channel groups was transmitted in the
pending BSR-SR, allowing the user equipment to transmit the BSR of highest
priority logical channel or the logical channel group including the highest

priority logical channel which has data available.

9. The method according to claim 1, wherein, when a scheduling request is
pending, sr-ProhibitTimer is running, and BSR-SR resources are available, the
method further comprises:

allowing the user equipment to ignore sr-ProhibitTimer and to transmit
BSR-SR; or

allowing the user equipment to ignore sr-ProhibitTimer when specific
logical channel group(s) have new data available and to transmit BSR-SR
including buffer status of only said specific logical channel group(s) or of

highest priority logical channel group.
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10. The method according to claim 1, wherein, when BSR-SR and scheduling
request resources are located inside configured time window and scheduling
request resource is available first, the method further comprises:

allowing the user equipment to defer the scheduling request

transmission and wait for the BSR-SR resource.

11. The method according to claim 1, wherein the BSR-SR format has a
bitmap of logical channels or logical channel groups which have data, and
wherein the BSR-SR indicates scheduling request per logical channel or

logical channel group.

12. An apparatus, comprising:

at least one processor; and

at least one memory comprising computer program code,

the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

determine at least one condition for triggering sending of a buffer status
report scheduling request (BSR-SR);

determine whether sending of a medium access control layer buffer
status report (MAC BSR) should also be triggered based on the at least one
condition; and

trigger transmission of the buffer status report scheduling request
(BSR-SR) and/or the medium access control layer buffer status report (MAC
BSR) when the at least one condition is met, wherein the triggering comprises

configuring a user equipment with the determined triggers.

13. An apparatus, comprising:
determining means for determining at least one condition for triggering
sending of a buffer status report scheduling request (BSR-SR);

determining whether sending of a medium access control layer buffer
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status report (MAC BSR) should also be triggered based on the at least one
condition; and

triggering means for triggering transmission of the buffer status report
scheduling request (BSR-SR) and/or the medium access control layer buffer
status report (MAC BSR) when the at least one condition is met, wherein the
triggering comprises configuring a user equipment with the determined

triggers.

14. The apparatus according to claim 13, wherein the triggering means further
comprises, when the user equipment is requested to enter discontinuous
reception (DRX), means for dynamically indicating BSR-SR resources in an

enhanced DRX command.

15. The apparatus according to claim 14, wherein the DRX command indicates
at least one of: layer 1 resources by indicating resource index or indicate
availability of resources in DRX, when the user equipment may derive the
resources based on an identifier of the user equipment and/or system frame

number or DRX cycle related parameters when DRX starts.

16. The apparatus according to claim 14, further comprising means for

releasing BSR-SR resources when the MAC BSR s sent.

17. The apparatus according to claim 13, wherein BSR-SR resources are
configured during initial access by higher layers and activated by MAC layer

message when the user equipment enters DRX or receives DRX command.

18. The apparatus according to any one of claims 13-17, wherein, when BSR-
SR transmission is triggered, the triggering means further comprises means for

triggering MAC BSR to be sent on a next uplink grant.
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19. The apparatus according to any one of claims 13-17, further comprising,
when BSR-SR resources are configured, means for configuring a user
equipment to allow use of BSR-SR resources only for specific logical channel

group(s) or for specific logical channel(s).

20. The apparatus according to claim 13, wherein, when the BSR-SR has been
transmitted and pending and no uplink grant is available before new BSR-SR
resources become available, the apparatus further comprises:

means for preventing the user equipment from using the resources
when the buffer status has not changed N-bytes during a time since a BSR-SR
was transmitted and new BSR-SR resources are available; or

when buffer status of all logical channel groups was transmitted in the
pending BSR-SR, means for allowing the user equipment to transmit the BSR
of highest priority logical channel or the logical channel group including the

highest priority logical channel which has data available.

21. The apparatus according to claim 13, wherein, when a scheduling request
1s pending, sr-ProhibitTimer is running, and BSR-SR resources are available,
the apparatus further comprises:

means for allowing the user equipment to ignore sr-ProhibitTimer and
to transmit BSR-SR; or

means for allowing the user equipment to ignore sr-ProhibitTimer when
specific logical channel group(s) have new data available and to transmit BSR-
SR including buffer status of only said specific logical channel group(s) or of

highest priority logical channel group.

22. The apparatus according to claim 13, wherein, when BSR-SR and
scheduling request resources are located inside configured time window and
scheduling request resource is available first, the apparatus further comprises:

means for allowing the user equipment to defer the scheduling request
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transmission and wait for the BSR-SR resource.

23. The apparatus according to claim 13, wherein the BSR-SR format has a
bitmap of logical channels or logical channel groups which have data, and
wherein the BSR-SR indicates scheduling request per logical channel or

logical channel group.

24. A method, comprising:
receiving, by a user equipment, a trigger for transmission of a buffer
status report scheduling request (BSR-SR) and/or a medium access control
layer buffer status report (MAC BSR) based on at least one condition; and
transmitting the buffer status report scheduling request (BSR-SR)
and/or the medium access control layer buffer status report (MAC BSR).

25. The method according to claim 24, wherein the receiving further
comprises receiving a dynamic indication of BSR-SR resources in an
enhanced DRX command, when the user equipment is requested to enter

discontinuous reception (DRX).

26. The method according to claims 24 or 25, wherein the transmitting of the

MAC BSR releases BSR-SR resources.

27. The method according to claim 24, wherein BSR-SR resources are
configured during initial access by higher layers and activated by MAC layer

message when the user equipment enters DRX or receives DRX command.

28. The method according to claim 24, wherein, when BSR-SR transmission is
triggered, the transmitting further comprises triggering transmitting of the

MAC BSR on a next uplink grant.
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29. The method according to claim 28,

wherein, when there is no space in MAC packet data unit (PDU) to
report regular BSR, reporting only the buffer status of the highest priority
logical channel or the logical channel group including the highest priority
logical channel which has data available in the MAC BSR; or

when the BSR-SR is transmitted, triggering transmitting of only MAC
BSR for highest priority logical channel or the logical channel group
including the highest priority logical channel which has data available; or

when the BSR-SR is transmitted and the user equipment has data in
only one logical channel group, not reporting the MAC BSR or reporting the
MAC BSR with all the data available for transmission; or

when the BSR-SR is transmitted and the user equipment has data in
multiple logical channel groups, a buffer of the logical channel group with a

lowest priority is not reported.

30. The method according to claim 24, wherein, when a scheduling request is
pending, sr-ProhibitTimer is running, and BSR-SR resources are available, the
method further comprises:

ignoring sr-ProhibitTimer and transmitting BSR-SR; or

ignoring sr-ProhibitTimer when specific logical channel group(s) have
new data available and transmitting BSR-SR including buffer status of only

said specific logical channel group(s) or of highest priority logical channel

group.

31. The method according to claim 24, wherein, when BSR-SR and scheduling
request resources are located inside configured time window and scheduling
request resource is available first, the method further comprises:

deferring the scheduling request transmission and waiting for the BSR-

SR resource.
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32. The method according to claim 31, wherein the deferring depends on
which logical channel group contains data or on an amount of data available in

the buffer.

33. The method according to claim 24, wherein, when physical uplink control
channel (PUCCH) feedback including the BSR-SR resources is transmitted in
response to downlink assignment and reported feedback is ACK, re-

transmitting BSR-SR and/or MAC BSR.

34. The method according to claim 24, wherein the BSR-SR format has a
bitmap of logical channels or logical channel groups which have data, and
wherein the BSR-SR indicates scheduling request per logical channel or

logical channel group.

35. An apparatus, comprising:

at least one processor; and

at least one memory comprising computer program code,

the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive a trigger for transmission of a buffer status report scheduling
request (BSR-SR) and/or a medium access control layer buffer status report
(MAC BSR) based on at least one condition; and

transmit the buffer status report scheduling request (BSR-SR) and/or
the medium access control layer buffer status report (MAC BSR).

36. An apparatus, comprising:

receiving means for receiving a trigger for transmission of a buffer
status report scheduling request (BSR-SR) and/or a medium access control
layer buffer status report (MAC BSR) based on at least one condition; and

transmitting means for transmitting the buffer status report scheduling
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request (BSR-SR) and/or the medium access control layer buffer status report

(MAC BSR).

37. The apparatus according to claim 36, wherein the receiving means further
comprises means for receiving a dynamic indication of BSR-SR resources in
an enhanced DRX command, when the apparatus is requested to enter

discontinuous reception (DRX).

38. The apparatus according to claims 36 or 37, further comprising means for

releasing BSR-SR resources triggered by the transmitting of the MAC BSR.

39. The apparatus according to claim 36, wherein BSR-SR resources are
configured during initial access by higher layers and activated by MAC layer

message when the apparatus enters DRX or receives DRX command.

40. The apparatus according to claim 36, wherein, when BSR-SR transmission
1s triggered, the transmitting means further comprises means for triggering

transmitting of the MAC BSR on a next uplink grant.

41. The apparatus according to claim 40,

wherein, when there is no space in MAC packet data unit (PDU) to
report regular BSR, means for reporting only the buffer status of the highest
priority logical channel or the logical channel group including the highest
priority logical channel which has data available in the MAC BSR; or

when the BSR-SR is transmitted, means for triggering transmitting of
only MAC BSR for highest priority logical channel or the logical channel
group including the highest priority logical channel which has data available;
or

when the BSR-SR is transmitted and the apparatus has data in only

one logical channel group, means for not reporting the MAC BSR or
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reporting the MAC BSR with all the data available for transmission; or
when the BSR-SR is transmitted and the apparatus has data in
multiple logical channel groups, a buffer of the logical channel group with a

lowest priority is not reported.

42. The apparatus according to claim 36, wherein, when a scheduling request
1s pending, sr-ProhibitTimer is running, and BSR-SR resources are available,
the apparatus further comprises:
means for ignoring sr-ProhibitTimer and transmitting BSR-SR; or
means for ignoring sr-ProhibitTimer when specific logical channel
group(s) have new data available and transmitting BSR-SR including buffer
status of only said specific logical channel group(s) or of highest priority

logical channel group.

43. The apparatus according to claim 36, wherein, when BSR-SR and

scheduling request resources are located inside configured time window and

scheduling request resource is available first, the apparatus further comprises:
means for deferring the scheduling request transmission and waiting for

the BSR-SR resource.

44. The apparatus according to claim 43, wherein the deferring means depends
on which logical channel group contains data or on an amount of data

available in the buffer.

45. The apparatus according to claim 24, wherein, when physical uplink
control channel (PUCCH) feedback including the BSR-SR resources is
transmitted in response to downlink assignment and reported feedback is

ACK, means for re-transmitting BSR-SR and/or MAC BSR.

46. The apparatus according to claim 36, wherein the BSR-SR format has a



WO 2017/074437 PCT/US2015/058390

35

bitmap of logical channels or logical channel groups which have data, and
wherein the BSR-SR indicates scheduling request per logical channel or

logical channel group.

47. A computer program, embodied on a non-transitory computer readable
medium, wherein the computer program is configured to control a processor to

perform a process according to any one of claims 1-11 or 24-34.
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