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CONTENTION BASED RADIO RESOURCE MANAGEMENT FOR SMALL

PACKET TRANSMISSION

Field of the invention

The present invention relates to an apparatus, a method, and a computer program product

related to contention based radio resource management. More particularly, the present

invention relates to an apparatus, a method, and a computer program product related to

contention based radio resource management if the transmission is otherwise scheduled.

Abbreviations

3GPP
5G
CRC
C-RNTI
D2D
DL
E2E
GSM
LTE
LTE-A
MCS
PHY
QoS
RAN
RG
RP
RRC
RU
SIB
SRS
B
TTI
Tx
UE

3rd Generation Partnership Project
5" Generation

Cyclic Redundancy Check

Cell Radio Network Temporary ldentifier.
Device to Device (Communication)
Downlink

End to End

Global System for Mobile Communication
Long Term Evolution

LTE Advanced

Modulation and Coding Scheme
Physical (layer)

Quality of Service

Radio Access Network

Resource Group

Resource Pool

Radio Resource Control

Resource Unit

System Information Block
Sounding Reference Signal
Transport Block

Transmission Time Interval
Transmit

User Equipment
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UL Uplink

Vav Vehicle to Vehicle (Communication)

V2Xx Vehicle to eXternal (Communication)

WG Working Group

X2 The interface used to interconnect eNodeBs

Background of the invention

In 5G or next generation wireless systems beyond LTE/LTE-A small packet-oriented design

may be specially handled. In this context, a small packet is a moderate size payload that

~typically can be send on the air interface in a single transport block, consuming only a

fraction of the available radio resources of the cell. Thus, expedition of small packets are
considered expensive in terms of signaling overhead if using traditional scheduled access
mechanisms. For such case, the physical layer resource management and scheduling
methodology need to accommodate a small payload feature to achieve high transmission

efficiency in terms of low control overhead and lower End to End latency.

It is known from industrial and academic sources that small packet transmission has
numerous demands from both commercial and public safety use cases, e.g. smart metering,
catastrophe  monitoring, intelligent home, Vehicle-to-Vehicle and Vehicle-to-X
(pedestrian/infrastructure), etc. There may also be some applications installed on
Smartphone and other consumer electronics that interacts with network or peers by quite

small payloads.

In general, currently running LTE/LTE-A or even GSM networks can serve this purpose.
However, the flaws are obvious that:

a. For LTE/LTE-A, the system and control procedure was designed mainly for
broadband and high data rate. Hence, for small payloads, the transmission efficiency
may be degraded since the control overhead is relatively large compared with the
physical transmission block size. Although semi-persistent scheduling was
introduced to reduce control overhead, it is not flexible enough to accommodate
various traffic types.

b. It is required by some applications (e.g. V2V/V2X) and also proposed by some
studies that the E2E latency of delivering small payload should be further shortened.
Current framework of LTE control procedure is schedule based and may not fulfil the

requirement, especially for UL scheduling.
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c. Due to the limit of control overhead, the simultaneously served terminal number can

not meet requirement of some scenarios supporting massive terminal accessing.

Thus, in order to facilitate the small packet transmission and accommodate it into a
multicarrier system, UL contention based scheme is proposed to be employed. Air interface
resource grid could be customized and also the corresponding control procedures and

designs need further consideration.

In contention based transmission, from the network’s point of view, any terminal which is
allowed to perform the contention based transmission may transmit data on the channel, for
which the contention based transmission is allowed, at any time (first come-first served). To
avoid collision, a carrier sensing mechanism may be used. Here each terminal listens to the

channel before attempting to transmit.

Small packet-oriented design related study in physical layer has not been deeply studied yet
in 3GPP. In 3GPP RAN WG1, some research regarding machine type communication
focused on coverage enhancement, low complexity and power consumption reduction. The
prior art covers some outcomes from 3GPP, research papers targeting for 5G, and also

patent documents:

1. 3GPP TS 36.213
3GPP TS 36.331
3GPP TR 36.888, Study on provision of low-cost Machine-Type Communications
(MTC) User Equipments (UEs) based on LTE

4. Kelvin Au, Liging Zhang, Hosein Nikopour, Eric Yi, Alireza Bayesteh, Usa
Vilaipornsawai, Jianglei Ma, and Peiying Zhu, “Uplink Contention Based SCMA for
5G Radio Access”, Huawei

5. Y. Chen and W. Wang, “Machine-to-Machine Communication in LTEA”

Some of the citations above specify resource pool design for D2D (Device to Device)
Proximity Service. But the structure of resource pool and control procedure does not
consider transmission efficiency for small packet design. Some other citations provide some

solutions for contention based random access or UL data transmission.

Summary of the invention
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It is an object of the present invention to improve the prior art.

According to a first aspect of the invention, there is provided an apparatus, comprising
configuration informing means adapted to inform on one or more resource pools comprised
by a set of resource pools, wherein each of the resource pools comprises respective one or
more resource units, and each of the resource units is defined by at least one of a respective
frequency band, a respective time period, and a respective coding space, control means
adapted to control a terminal device such that, if the terminal device wants to perform a
contention based transmission, the contention based transmission may be performed on at

least one of the resource pools of the set.

The configuration informing means may be adapted to inform on the one or more resource
pools by broadcasting. The configuration informing means may be adapted to inform on the

one or more resource pools by dedicated signaling to the terminal device.

The control means may be adapted to indicate a number of the resource pools of the set on
which the terminal device may perform the contention based transmission if the set of

resource pools comprises plural resource pools.

The apparatus may further comprise at least one of time indicating means adapted to
indicate a time duration during which the terminal device may perform the contention based
transmission; validity indicating means adapted to indicate a validity duration of the set; and
granularity indicating means adapted to indicate a respective granularity into which frequency

band, the time period, and the coding space is divided.

The apparatus may further comprise deriving means adapted to derive, for at least one of the
resource pools of the set, at least one of a respective modulation scheme and a respective
coding scheme; scheme informing means adapted to inform the terminal device on the at
least one of the respective modulation scheme and the respective coding scheme for the at

least one of the resource pools.

The apparatus may further comprise tag providing means adapted to provide, for at least one
of the resource pools of the set, a respective tag to the terminal device, wherein each of the
tags comprises information on at least one of a channel condition of the respective resource
pool, a load status of the respective resource pool, and an expected capacity of the

respective resource pool.



10

15

20

25

30

35

WO 2017/008227 PCT/CN2015/083892

The apparatus may further comprise forbidding means adapted to forbid the terminal device
to perform the contention based transmission on the at least one of the resource pools of the

set.

The apparatus may further comprise at least one of evaluating means adapted to evaluate
the contention based transmission received from the terminal; and scheduling inhibiting
means adapted to inhibit scheduling of a scheduled transmission on the set of the resource

pools.

According to a second aspect of the invention, there is provided an apparatus, comprising
configuration learning means adapted to learn about one or more resource pools comprised
by a first set of resource pools based on a received first configuration message, wherein
each of the resource pools comprises respective one or more resource units, and each of the
resource units is defined by at least one of a respective frequency band, a respective time
period, and a respective coding space; selecting means adapted to select at least one
selected resource pool out of the first set of resource pools based on a received control
indication that a contention based transmission may be performed on the at least one
selected resource pool; instructing means adapted to instruct a transmitting device to
perform the contention based transmission on the respective at least one of the frequency

band, the time period, and the coding space of the at least one selected resource pool.

The first configuration message may be comprised in a broadcasting signal. The first

configuration message may be comprised in a dedicated signaling to the apparatus.

The first set of resource pools may comprise plural resource pools, and the received control
indication may indicate a number of the resource pools of the first set for which the
instructing means may instruct the transmitting device to perform the contention based
transmission on the respective at least one of the frequency band, the time period, and the
coding space of the at least one selected resource pool, and the selecting means may be
adapted to select the indicated number of selected resource pools or less than the indicated

number of selected resource pools.

The apparatus may further comprise triggering means adapted to trigger the instructing

means to instruct the transmitting device if the first configuration message is received.
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The apparatus may further comprise validity learning means adapted to learn, from a
received validity indication, a validity duration of the first set; validity checking means
adapted to check if the first set is valid; prohibiting means adapted to prohibit the instructing
means from insfructing the transmitting device based on the at least one selected resource

pool if the first set is not valid.

The apparatus may further comprise monitoring means adapted to monitor, if the first set is
not valid, if a second configuration message is received, wherein the second configuration
message indicates that one or more of the resource pools are comprised in a second set of
resource pools, wherein the instructing means may be adapted to instruct the transmitting

device based on one or more resource pools of the second set.

The apparatus may further comprise scheme learning means adapted to learn, from a
received scheme indication, at least one of a respective modulation scheme and a respective
coding scheme for at least one of the resource pools of the first set; scheme determining
means adapted to determine the at least one of the respective modulation scheme and the
respective coding scheme for at least one of the at least one selected resource pools,
wherein the instructing means may be adapted to instruct the transmitting device to use the
determined at least one of the respective modulation scheme and the respective coding

scheme for transmitting on the at least one selected resource pool.

The selecting means may be adapted to select the at least one selected resource pool based
on a respective tag received for one or more of the resource pools of the first set, wherein
each of the tags comprises information on at least one of a channel condition of the
respective resource pool, a load status of the respective resource pool, and an expected

capacity of the respective resource pool.

The apparatus may further comprise at least one of a time learning means and a forbiddance
learning means, wherein the time learning means is adapted to learn, from a received
time indication, a time duration during which the instructing means may instruct the
transmitting device to perform the contention based transmission on the respective at least
one of the frequency band, the time period, and the coding space of the at least one selected
resource pool; and the forbiddance learning means is adapted to learn that a forbiddance
indication is received; and the apparatus may further comprise instruction inhibiting means
adapted to inhibit the instructing means from instructing the transmitting device to perform

the contention based transmission on the respective at least one of the frequency band, the
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time period, and the coding space of the at least one selected resource pool when at least

one of the time duration is elapsed and the forbiddance indication is received.

According to a third aspect of the invention, there is provided an apparatus, comprising
configuration informing circuitry configured to inform on one or more resource pools
comprised by a set of resource pools, wherein each of the resource pools comprises
respective one or more resource units, and each of the resource units is defined by at least
one of a reépective frequency band, a respective time period, and a respective coding space,
control circuitry configured to control a terminal device such that, if the terminal device wants
to perform a contention based transmission, the contention based transmission may be

performed on at least one of the resource pools of the set.

The configuration informing circuitry may be configured to inform on the one or more
resource pools by broadcasting. The configuration informing circuitry may be configured to

inform on the one or more resource pools by dedicated signaling to the terminal device.

The control circuitry may be configured to indicate a number of the resource pools of the set
on which the terminal device may perform the contention based transmission if the set of

resource pools comprises plural resource pools.

The apparatus may further comprise at least one of time indicating circuitry configured to
indicate a time duration during which the terminal device may perform the contention based
transmission; validity indicating circuitry configured to indicate a validity duration of the set;
and granularity indicating circuitry configured to indicate a respective granularity into which

frequency band, the time period, and the coding space is divided.

The apparatus may further comprise deriving circuitry configured to derive, for at least one of
the resource pools of the set, at least one of a respective modulation scheme and a
respective coding scheme; scheme informing circuitry configured to inform the terminal
device on the at least one of the respective modulation scheme and the respective coding

scheme for the at least one of the resource pools.

The apparatus may further comprise tag providing circuitry configured to provide, for at least
one of the resource pools of the set, a respective tag to the terminal device, wherein each of

the tags comprises information on at least one of a channel condition of the respective



10

15

20

25

30

WO 2017/008227 PCT/CN2015/083892

resource pool, a load status of the respective resource pool, and an expected capacity of the

respective resource pool.

The apparatus may further comprise forbidding circuitry configured to forbid the terminal
device to perform the contention based transmission on the at least one of the resource

pools of the set.

The apparatus may further comprise at least one of evaluating circuitry configured to
evaluate the contention based transmission received from the terminal, and scheduling
inhibiting circuitry configured to inhibit scheduling of a scheduled transmission on the set of

the resource pools.

According to a fourth aspect of the invention, there is provided an apparatus, comprising
configuration learning circuitry configured to learn about one or more resource pools
comprised by a first set of resource pools based on a received first configuration message,
wherein each of the resource pools comprises respective one or more resource units, and
each of the resource units is defined by at least one of a respective frequency band, a
respective time period, and a respective coding space; selecting circuitry configured to select
at least one selected resource pool out of the first set of resource pools based on a received
control indication that a contention based transmission may be performed on the at least one
selected resource pool; instructing circuitry configured to instruct a transmitting device to
perform the contention based transmission on the respective at least one of the frequency

band, the time period, and the coding space of the at least one selected resource pool.

The first configuration message may be comprised in a broadcasting signal. The first

configuration message may be comprised in a dedicated signaling to the apparatus.

The first set of resource pools may comprise plural resource pools, and the received control
indication may indicate a number of the resource pools of the first set for which the
instructing circuitry may instruct the transmitting device to perform the contention based
transmission on the respective at least one of the frequency band, the time period, and the
coding space of the at least one selected resource pool, and the selecting circuitry may be
configured to select the indicated number of selected resource pools or less than the

indicated number of selected resource pools.
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The apparatus may further comprise triggering circuitry configured to trigger the instructing

circuitry to instruct the transmitting device if the first configuration message is received.

The apparatus may further comprise validity learning circuitry configured to learn, from a
received validity indication, a validity duration of the first set; validity checking circuitry
configured to check if the first set is valid; prohibiting circuitry configured to prohibit the
instructing circuitry from instructing the transmitting device based on the at least one selected

resource pool if the first set is not valid.

The apparatus may further comprise monitoring circuitry configured to monitor, if the first set
is not valid, if a second configuration message is received, wherein the second configuration
message indicates that one or more of the resource pools are comprised in a second set of
resource pools, wherein the instructing circuitry may be configured to instruct the transmitting

device based on one or more resource pools of the second set.

The apparatus may further comprise scheme learning circuitry configured to learn, from a
received scheme indication, at least one of a respective modulation scheme and a respective
coding scheme for at least one of the resource pools of the first set; scheme determining
circuitry configured to determine the at least one of the respective modulation scheme and
the respective coding scheme for at least one of the at least one selected resource pools,
wherein the instructing circuitry may be configured to instruct the transmitting device to use
the determined at least one of the respective modulation scheme and the respective coding

scheme for transmitting on the at least one selected resource pool.

The selecting circuitry may be configured to select the at least one selected resource pool
based on a respective tag received for one or more of the resource pools of the first set,
wherein each of the tags comprises information on at least one of a channel condition of the
respective resource pool, a load status of the respective resource pool, and an expected

capacity of the respective resource pool.

The apparatus may further comprise at least one of a time learning circuitry and a
forbiddance learning circuitry, wherein the time learning circuitry is configured to learn,
from a received time indication, a time duration during which the instructing circuitry may
instruct the transmitting device to perform the contention based transmission on the
respective at least one of the frequency band, the time period, and the coding space of the at

least one selected resource pool; and the forbiddance learning circuitry is configured to learn
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that a forbiddance indication is received; and the apparatus may further comprise instruction
inhibiting circuitry configured to inhibit the instructing circuitry from instructing the transmitting
device to perform the contention based transmission on the respective at least one of the
frequency band, the time period, and the coding space of the at least one selected resource
pool when at least one of the time duration is elapsed and the forbiddance indication is

received.

According to a fifth aspect of the invention, there is provided a method, comprising informing
on one or more resource pools comprised by a set of resource pools, wherein each of the
resource pools comprises respective one or more resource units, and each of the resource
units is defined by at least one of a respective frequency band, a respective time period, and
a respective coding space, controlling a terminal device such that, if the terminal device
wants to perform a contention based transmission, the contention based transmission may

be performed on at least one of the resource pools of the set.

The informing on the one or more resource pools may be performed by broadcasting. The
informing on the one or more resource pools may be performed by dedicated signaling to the

terminal device.

The method may further comprise indicating a number of the resource pools of the set on
which the terminal device may perform the contention based transmission if the set of

resource pools comprises plural resource pools.

The method may further comprise at least one of indicating a time duration during which the
terminal device may perform the contention based transmission; indicating a validity duration
of the set; and indicating a respective granularity into which frequency band, the time period,

and the coding space is divided.

The method may further comprise deriving, for at least one of the resource pools of the set,
at least one of a respective modulation scheme and a respective coding scheme; informing
the terminal device on the at least one of the respective modulation scheme and the

respective coding scheme for the at least one of the resource pools.

The method may further comprise providing, for at least one of the resource pools of the set,

a respective tag to the terminal device, wherein each of the tags comprises information on at

10
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least one of a channel condition of the respective resource pool, a load status of the

respective resource pool, and an expected capacity of the respective resource pool.

The method may further comprise forbidding the terminal device to perform the contention

based fransmission on the at least one of the resource pools of the set.

The method may further comprise at least one of evaluating the contention based
transmission received from the terminal; and inhibiting scheduling of a scheduled

transmission on the set of the resource pools.

According to a sixth aspect of the invention, there is provided a method, comprising learning
about one or more resource pools comprised by a first set of resource pools based on a
received first configuration message, wherein each of the resource pools comprises
respective one or more resource units, and each of the resource units is defined by at least
one of a respective frequency band, a respective time period, and a respective coding space;
selecting at least one selected resource pool out of the first set of resource pools based on a
received control indication that a contention based transmission may be performed on the at
least one selected resource pool; instructing a transmitting device to perform the contention
based transmission on the respective at least one of the frequency band, the time period,

and the coding space of the at least one selected resource pool.

The first configuration message may be comprised in a broadcasting signal. The first
configuration message may be comprised in a dedicated signaling to an apparatus

performing the method.

The first set of resource pools may comprise plural resource pools, and the received control
indication may indicate a number of the resource pools of the first set for which the
transmitting device may be instructed to perform the contention based transmission on the
respective at least one of the frequency band, the time period, and the coding space of the at
least one selected resource pool, and the indicated number of selected resource pools or

less than the indicated number of selected resource pools may be selected.

The method may further comprise triggering to instruct the transmitting device if the first

configuration message is received.

11
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The method may further comprise learning, from a received validity indication, a validity
duration of the first set; checking if the first set is valid; prohibiting the instructing of the

transmitting device based on the at least one selected resource pool if the first set is not valid.

The method may further comprise monitoring, if the first set is not valid, if a second
configuration message is received, wherein the second configuration message indicates that
one or more of the resource pools are comprised in a second set of resource pools, wherein

the transmitting device is instructed based on one or more resource pools of the second set.

The method may further comprise learning, from a received scheme indication, at least one
of a respective modulation scheme and a respective coding scheme for at least one of the
resource pools of the first set; determining the at least one of the respective modulation
scheme and the respective coding scheme for at least one of the at least one selected
resource pools, wherein the transmitting device may be instructed to use the determined at
least one of the respective modulation scheme and the respective coding scheme for

transmitting on the at least one selected resource pool.

The at least one selected resource pool may be selected based on a respective tag received
for one or more of the resource pools of the first set, wherein each of the tags comprises
information on at least one of a channel condition of the respective resource pool, a load
status of the respective resource pool, and an expected capacity of the respective resource

pool.

The method may further comprise at least one of learning, from a received time indication, a
time duration during which the transmitting device may be instructed to perform the
6ontention based transmission on the respective at least one of the frequency band, the time
period, and the coding space of the at least one selected resource pool; and learning that a
forbiddance indication is received; and the method may further comprise inhibiting the
instructing of the transmitting device to perform the contention based transmission on the
respective at least one of the frequency band, the time period, and the coding space of the at
least one selected resource pool when at least one of the time duration is elapsed and the

forbiddance indication is received.

Each of the methods of the fifth and sixth aspects may be a method of contention based

radio resource management.

12
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According to a seventh aspect of the invention, there is provided a computer program
product comprising a set of instructions which, when executed on an apparatus, is configured
to cause the apparatus to carry out the method according to any of the fifth and sixth aspects.
The computer program product may be embodied as a computer-readable medium or

directly loadable into a computer.

According to some example embodiments of the invention, at least one of the following
technical effects is provided:
- scheduled transmission and contention based transmission may coexist on a
same link;
- flexible arrangement of the resources in the air interface;
- network operator maintains control on the resources for contention based
fransmission;
- overhead is reduced, resulting in an enhanced transmission efficiency in
particular for small payloads;

- E2E latency for small payload is reduced.

It is to be understood that any of the above modifications can be applied singly or in
combination to the respective aspects to which they refer, unless they are explicitly stated

as excluding alternatives.

Brief description of the drawings

Further details, features, objects, and advantages are apparent from the following detailed
description of example embodiments of the present invention which is to be taken in

conjunction with the appended drawings, wherein

Fig. 1 shows a resource grid according to an example embodiment of the invention;
Fig. 2 shows a system according to an example embodiment of the invention;

Fig. 3 shows a system according to an example embodiment of the invention;

Fig. 4 shows an apparatus according to an example embodiment of the invention;
Fig. 5 shows a method according to an example embodiment of the invention;

Fig. 6 shows an apparatus according to an example embodiment of the invention;
Fig. 7 shows a method according to an example embodiment of the invention; and

Fig. 8 shows an apparatus according to an example embodiment of the invention.

13
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Detailed description of certain example embodiments

Herein below, certain example embodiments of the present invention are described in detail
with reference to the accompanying drawings, wherein the features of the example
embodiments can be freely combined with each other unless otherwise described. However,
it is to be expressly understood that the description of certain embodiments is given for by
way of example only, and that it is by no way intended to be understood as limiting the

invention to the disclosed details.

Moreover, it is to be understood that the apparatus is configured to perform the
corresponding method, although in some cases only the apparatus or only the method are

described.

According to some embodiments of the invention, small packet-oriented contention based
transmission, corresponding radio resource management method and controlling options
are outlined. To facilitate the contention-based scheme, some specific design on the
resource management and network assistance mechanism are also elaborated. Hence, air
interface structure, control procedure and radio resource management options for

contention based access are disclosed.

Some embodiments of the invention are related to UP contention based transmission.
Details are described further below. However, the invention is not limited thereto.
Embodiments of the invention may be employed where the contention based transmission is

used in D2D communication.

According to some embodiments of the invention, the procedures between network and UE

are different from those proposed in the cited prior art.

According to some embodiments of the invention, the air interface is arranged as a resource
grid. An example of such a resource grid is shown in Fig. 1. Fig. 1 shows how the air
interface is divided into a number of time slots (horizontal axis) and frequency bands (vertical
axis). Each square in the resource grid is a RU. RUs of the same texture pattern belong to a
same resource pool (RP). Each RU belongs to either only one RP or to no RP. In the
Example of Fig. 1, the network (eNB) assigns the patterned RPs to contention based
transmission, whereas the non-patterned RUs are used for scheduled transmission and

random access transmission. Accordingly, a scheduling inhibiting means in the eNB may
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inhibit scheduling of a scheduled transmission on a RU belonging to a RP assigned to

contention based transmission.

From a UE’s PHY layer of view, usable resources for contention based access are defined
on a resource pool (RP) level, which consists of one or more resource units (RU) multiplexed

in time domain and/or frequency domain and/or even code domain (not shown in Fig. 1).

If a certain dimension (time, frequency, code) is not indicated for a resource grid, it may
mean that the corresponding domain may be fully used for contention based access. In the
example of Fig. 1, any code may be used in each RU foreseen for contention based

transmission.

The smallest RU granularity may be smaller than 1 ms (time) or 180 kHz (frequency). In
general, the time granularity may be X seconds and the frequency granularity Y Hz, where X
and Y can take different values in line with the air interface structure. E.g. for LTE, examples
may be X=1ms (corresponding to the TTI size) and Y= multiple PRBs of 180 kHz. For 5G,

values of X and Y might be different, e.g. X=0.2 ms to reflect shorter TTI size.

The smallest granularity for each RU in RP may be configurable. eNB may inform on the
granularity by a granularity indicating means. Example granularities are:

o Time domain: [0.2, 0.25, 0.5, 1] ms

o Frequency domain: [90, 180, 360, 1080] kHz.

For OFDM/SC-FDMA waveform, the minimum granularity in frequency domain may be a
plurality of subcarriers. For other multicarrier waveforms, e.g. filter bank multi-carrier or zero-
tail OFDM, the minimum granularity in frequency domain could be one or a plurality of filtered

single carriers.

eNB configures UEs with one or more RPs. Each UE may be configured with one or multiple
RPs. Thus, from network’s (eNB’s) point of view, the number and size of RPs and RUs can
be arranged considering ftraffic load/type, QoS requirement, etc. On eNB’s side, a
configuration informing means may inform UE on the RPs. On UE'’s side, a configuration

learning means may learn about the RPs from the eNB.

Each RP may support hierarchical granularities. For example, a UE may optionally use {1, 2,

4} RU(s) for one transmission block transmission. The symbol {a, b} means “either a or b".
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The RU(s) which are used for one transmission block transmission may be named resource
group (RG). Each RU may be part of one of more resource groups (RG). In the example, the
size of a RG may be {1,2,4} RU(s), but the size is not limited to these values. In the example
shown in Figure 1, the RP #4 possesses 12 RUs. RU#0 may be part of RGs including e.g.
<RU#0>, <RU#0 and RU#1>, and <RU#0, RU#1, RU#2 and RU#3>. The symbol <a, b>
defines that the group “consists of a and b”. Supported options of sizes of RGs may be

configurable by the network and may be part of resource pool configuration parameters.

Resource pools may be narrow band (considering low cost and Frequency selective gain) or
wide band (frequency diversity) to support different scenarios. For example,
e RP #1, 5 and 6 are examples of narrow band resource pool, and

e RP #2, 3 and 4 are examples of wide band resource pool.

Narrow band (Localized) RP can benefit from frequency selective access. UL Measurement
based on RP/RU pattern can be helpful for both scheduling and contention-based
transmission. For UL transmission, narrow-band RP keeps UL resource from being

fragmented and maintains single carrier property.

Wide band (Distributed) RP can help to achieve frequency diversity gain. UL Measurement

based on RU pattern can help to choose RU within a RP in contention-based transmission.

For cell-specific/common resource pool(s), configuration may be transmitted in SIB. For UE-
specific resource pool(s), configuration may be transmitted by RRC signalling or PHY layer
signalling. Resource pool configuration may also be indicated via a DL control channel, in
which case one index to indicate one of already configured or fixed configuration sets can be

used.

To address different UE capabilities, the RUs within one RP may either be discontinuous or
continuous in time domain. If frequency location changes RU by RU, some low complexity
UE (i.e. UEs equipped with a single oscillator) may need some time gap for re-tuning if

multiple RUs are selected for transmission.

For UL contention-based transmission control/triggering, the eNB sends an UL grant to the
UE that indicates which RP it is allowed to use for contention based access. For this, eNB
may comprise a control means, and UE may correspondingly comprise a selecting means.

UL grant may act as a trigger, i.e. UE may not perform contention-based transmission
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without having received the grant and may perform contention-based transmission after
receipt of grant. In the UE, the triggering may be performed by a triggering means. Therefore,
contention can be limited within for one specific grant, in that not more than a predefined
number of UEs receive a grant according to which a certain RP may be used for contention
based transmission. The predefined number may depend on the number of RUs in the RP

and/or their granularity.

The grant may include an indication how long contention based transmission on the indicated
RP is allowed (validity time). The validity time may be indicated in number of periods or time
duration. To inform on the validity time, eNB may use a time indication means. On UE’s side,
a time learning means may learn the validity time, and an inhibiting means may inhibit

contention based communication on the respective RP after the validity time has elapsed.

If permitted by the network (could be signaled e.g. in SIB or RRC signaling), UE may choose
RP/RU by itself within a set of RPs. In this case, an UL grant is not needed. l.e., UE performs

contention-based transmission regardless of a received grant.

The network may provide some network assistance information to the UE for the UE better
choosing suitable RP/RU. For example, the network may provide for each of a group of RPs
(the group may comprise all of the RPs configured for contention-based transmission of the
UE or a subset thereof) a tag reflecting at least one of a channel condition (interference level),
a load status or even a capacity. The assistance information may be used by UE to select
most suitable RP, based on e.g. application/traffic requirements such as latency, data rate,
etc.. On eNB's side, the tag may be provided by a tag providing means, and on UE’s side,

the tag may be evaluated by the selecting means.

In addition to or alternatively to the validity time indication, physical downlink control signaling
may be used by the network (e.g. by a forbidding means) to terminate the contention-based
communication. After termination of the contention-based communication, the UE is subject
to scheduled access only. This may be achieved by a forbiddance learning means and an

inhibiting means.
The UE identity or address may be attached or masked in the CRC in PHY layer TB or

attached in the MAC layer head or even application layer packet if neither control header nor

preamble is transmitted before data.
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In some embodiments of the invention, each RP may correlated to a specific MCS level. eNB
may derive the MCS level by a deriving means and inform the UE by a scheme informing
means. Correspondingly, the UE may learn the MCS level by a scheme learning means and,
based on the information learned by the scheme learning means, determine it for the RP
selected for contention based transmission. l.e., a UE transmitting on the RP uses the
specified MCS level. In this way, once a certain UE selects one RP, the MCS is selected
automatically. The network may configure the MCS for each RP via RRC signalling, SIB or

PHY control channel.

In some embodiments of the invention, SIB provides additional information facilitating small
packet contention-based transceiving. The additional information may comprise at least one
of the following:

¢ An indication whether small packet-oriented air interface and operation is supported
in the network, i.e. whether the cells belongs to an embodiment of the invention;

e If small packet transceiving oriented operation is supported, certain common RP(s)
may be optionally configured in SIB;

e RP configuration may be adaptive to traffic status. In this case, UE may read SIB
again and update within certain period if necessary. Hence the update rate or period
may be signaled via SIB, e.g. by a validity indicating means, and may be received at
the UE by a validity learning means. The UE may then check, e.g. by a validity
checking means, if the configuration (set of RPs) is still valid and, if not, prohibit (e.g.
by a prohibiting means) contention based transmission on the configuration. In
addition, a monitoring means in UE may monitor if a new (updated) configuration is
received from eNB. In this way some overhead of paging message can be saved.

e Each of the common RPs may also be indicated with a tag reflecting at least one of
channel condition, load status and even capacity. The tag may be used by UE to
select most suitable RP based on e.g. application/traffic requirements, such as

latency, data rate, etc.

SIB related enhancement may also facilitate UL contention-based transmission for UEs in
idle mode. UEs in idle mode do not have an RRC connection. Thus, they may not acquire
UE-specific RP configurations. However, UEs in idle mode may read the RP configuration(s)
in SIB. Thus, they may get access to one or more common RPs for contention based
transmission. Thus, UEs in both idle mode and connected mode may benefit from providing

an RP configuration in SIB.
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If an UE in idle mode reads the RP configuration in SIB and, therefore, acquires knowledge
of the RPs for UL contention based access in the cell, the UE may immediately start UL
contention based access after transition to connected mode. Thus, some latency and control

signaling overhead is saved.

The RP related configuration may also be configured via RRC signalling or a new physical

channel instead of SIB.

UL contention-based transmission solution according to some embodiments of the invention
is capable for operating a network supporting UL contention-based small packet transmission.
Resource management and controlling framework may accommodate various requirement
and scenarios in terms of transmission efficiency, latency and/or accessing capability. By
employing proper network controlling level and choosing parameters for resource
configuration (e.g. resource amount, granularity, etc), network may flexibly support

application scenarios requiring different QoS and capacity.

Conventional UL resource allocation and MCS selection mainly rely on SRS measurement
and scheduling implementation at eNB side. However, for UL autonomous contention based
transmission, interference measurement done by UE is not reliable any more without any
assistance from network, since the estimated interference mostly distorts the actual one

experienced by eNB's receiver.

To overcome the above issue, some embodiments of the invention provide some network
assistance together with the procedure of RP related configuration. Figs. 2 and 3 give two
examples. In these examples, eNB #1 is assumed to be capable of rough channel estimation
and interference measurement for each RP. Some coordination between cells/eNBs (31)
could also be employed to help improve the interference estimation accuracy. For this reason,
Fig. 2 shows in addition to eNB #1 and UE #1 performing respective methods of the
invention some other eNBs (eNBs #2 and #3) and some other UEs (UE #2 and #3) with their
serving links (arrows with solid lines) and interfering links (arrows with dashed lines).
However, the other eNBs and UEs need not to be present, or another number of each of

them may be present.

An example implementation according to some embodiments of the invention, as shown in

Fig. 2, is as follows:

19



10

15

20

25

30

35

WO 2017/008227 PCT/CN2015/083892

Step 1: eNB #1 indicates MCS level for each configured RP via RRC signalling, SIB or PHY
control channel. RP configuration includes but is not limited to:
¢ RU physical granularity in time/frequency/code domain;
e Supported RG size for one TB transmission, which could be one RU or multiple;
e Overall usable resource location boundary/bitmapping in time/frequency/code
domain;
e RP/RG/RU pattern related parameters, e.g. in Fig. 1, frequency domain offset
between adjacent RUs, which could be 0, 2, 4, or switching between {-1, 1} or {-2,
2}. The supported RG could be 1, 2, 4 RUs.
o Power control related parameters;
e Validity period or update rate related parameters.
¢ Each common RP may also be indicated with a tag reflecting channel condition
(interference level), load status and/or even capacity, which is used by UE to
select most suitable RP(s) based on application/traffic requirements, such as

latency, data rate, QoS, etc.

Step 2: UE #1 conducts contention-based transmission by choosing RP/RG/RU and MCS
considering some or all of the above network assistance information, such as interference
level per RP and the tag reflecting channel condition, load status and/or even expected
capacity. Monitoring power fluctuation of neighbouring cell UEs (e.g. UE #2, UE #3) may also

be considered.

HARQ and Ack/Nack details are not elaborated in this embodiment.

Step 3: eNB #1 may further update the RP related information especially the interference
level, channel condition, load status, and/or capacity. The decision could be made based on
the contention-based communication performance, new application arrival, or capacity

changing, etc. The updates may be periodic and/or they may be event-triggered.

For the case of contention based access triggered by using DL PHY control signalling, Fig. 3
gives an example according to an embodiment of the invention. In Fig. 3, other eNBs and
UEs than those performing methods according to an embodiment of the invention are not
shown but may be present correspondingly to eNBs #2 and #3 and UEs #2 and #3 shown in
Fig. 2. The eNB may send an UL grant to the UE that indicates which RP is allowed to use

for contention based access. UL grant acts as a trigger. Therefore, eNB may limit contention
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in a certain RP for one specific grant. Valid number of periods or time duration related

parameter(s) may also be included.

Step 11: RP related configurations are sent to UE via RRC signalling or SIB.

Step 12: PHY control signalling is used to indicate which RP(s) is/are allowed for contention-
based transmission. This grant acts as a triggering.

Step 13: UE starts to transmit in a contention way on the indicated RP(s).

Step 14: eNB may disable or terminate the contention-based transmission via PHY control
signalling. In addition, eNB may indicate that the RP(s) is/are here-after scheduled for UL

transmission.

The UL grant of Fig. 3 may comprise a single RP. In this case, contention based
transmission will be performed on the single RP. If the UL grant according to Fig. 3
comprises plural RPs, UE may use all of them (i.e. a combination of them) for the contention

based transmission.

It is noted that, in some embodiments of the invention, the above mentioned PHY control

signalling may be substituted with RRC signalling.

A main difference between the embodiments of Figs. 2 and 3 is that, according to Fig. 2, the
UE may select one or more RPs out of the configured RPs, whereas, according to Fig. 3, the
UE may transmit on the triggered RP(s) without having any choice. Accordingly, the UE of

Fig. 3 does not need network assistance information as discussed with respect to Fig. 2.

Fig. 4 shows an apparatus according to an example embodiment of the invention. The
apparatus may be a base station such as a NodeB or eNodeB or an element thereof. Fig. 5
shows a method according to an example embodiment of the invention. The apparatus
according to Fig. 4 may perform the method of Fig. 5 but is not limited to this method. The
method of Fig. 5 may be performed by the apparatus of Fig. 4 but is not limited to being
performed by this apparatus.

The apparatus comprises configuration informing means 50 and control means 60. The

configuration informing means 50 and control means 60 may be a configuration informing

circuitry and a control circuitry, respectively.
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The configuration informing means 50 inform on one or more resource pools comprised by a
set of resource pools (S50). Each of the resource pools comprises respective one or more
resource units, and each of the resource units is defined by at least one of a respective

frequency band, a respective time period, and a respective coding space.

The control means 60 controls a terminal device (e.g. a UE) such that, if the terminal device
wants to perform a contention based transmission, the contention based transmission may
be performed on at least one of the resource pools of the set (S60). l.e., the control means
allows the terminal device to perform contention based transmission on at least one of the
resource pools of the set.

In some embodiments of the invention, such as the one shown in Fig. 2, the informing by the
configuration informing means 50 includes the allowing by the allowing means. In these
embodiments, the configuration informing means 50 and the allowing means 60 may be a

same means.

In some embodiments of the invention, such as the one shown in Fig. 3, the allowing by the

allowing means 60 comprises triggering the contention based transmission.

Fig. 6 shows an apparatus according to an example embodiment of the invention. The
apparatus may be a terminal such as a UE or an element thereof. Fig. 7 shows a method
according to an example embodiment of the invention. The apparatus according to Fig. 6
may perform the method of Fig. 7 but is not limited to this method. The method of Fig. 7 may
be performed by the apparatus of Fig. 6 but is not limited to being performed by this

apparatus.

The apparatus comprises configuration learning means 100, selecting means 110, and
instructing means 120. The learning means 100, selecting means 110, and instructing means

120 may be a learning circuitry, selecting circuitry, and instructing circuitry, respectively.

The configuration learning means 100 learns about one or more resource pools comprised
by a set of resource pools based on a received configuration message (S100). Each of the
resource pools comprises respective one or more resource units, and each of the resource
units is defined by at least one of a respective frequency band, a respective time period, and

a respective coding space.
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The selecting means 110 selects at least one selected resource pool out of the set of
resource pools based on a received allowance indication (S110). The allowance indication
indicates that a contention based transmission on the at least one selected resource pool is

allowed.

In some embodiments of the invention, such as the one of Fig. 2, the receiving the
configuration message implies the allowance indication for performing the contention based

transmission on the set of resource pools.

In some embodiments of the invention, such as the one of Fig. 3, the allowance indication
may also be considered as a trigger triggering the contention based transmission on the
indicated resource pool. In this case, the selecting means 110 “selects” the resource pool(s)

indicated in the allowance indication.

The instructing means 120 instructs a transmitting device to perform the contention based
transmission on the respective at least one of the frequency band, the time period, and the
coding space of the at least one selected resource pool (S120). The transmitting means may
be a transceiver, e.g. a transceiver of the terminal (UE) comprising the apparatus. The

transmitting means need not to be aware of the resource grid formed by the resource units.

Fig. 8 shows an apparatus according to an example embodiment of the invention. The
apparatus comprises at least one processor 610, at least one memory 620 including
computer program code, and the at least one processor 610, with the at least one memory
620 and the computer program code, being arranged to cause the apparatus to at least

perform at least one of the methods according to Figs. 5 and 7 and related description.

Embodiments of the invention are particularly useful for transmission of small packets.
However, some embodiments of the invention may be deployed for transmission of larger

packets, too.

Embodiments of the invention may be employed for contention based uplink (from terminal to
base station) transmission. In this case, an evaluating means in the eNB may evaluate
contention based transmission received from the UE on the RP. However, some

embodiments of the invention may be deployed for D2D communication such as V2V or V2X.
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A terminal may be any kind of terminal which may be connected to the respective network,
such as a UE, a laptop, a smartphone, a mobile phone, a terminal of a machine type

communication etc.

One piece of information may be transmitted in one or plural messages from one entity to
another entity. Each of these messages may comprise further (different) pieces of

information.

Names of network elements, protocols, and methods are based on current standards. In
other versions or other technologies, the names of these network elements and/or protocols

and/or methods may be different, as long as they provide a corresponding functionality.

If not otherwise stated or otherwise made clear from the context, the statement that two
entities are different means that they perform different functions. It does not necessarily
mean that they are based on different hardware. That is, each of the entities described in the
present description may be based on a different hardware, or some or all of the entities may
be based on the same hardware. It does not necessarily mean that they are based on
different software. That is, each of the entities described in the present description may be
based on different software, or some or all of the entities may be based on the same

software.

Some example embodiments of the invention may be applied to a 3GPP network (e.g. LTE,
LTE-A, or a 5G network), as described hereinabove. However, some example embodiments
of the invention may be applied to any kind of network wherein both scheduled
communication and contention based communication may be performed, including mobile

networks and fixed networks.

According to the above description, it should thus be apparent that example embodiments of
the present invention provide, for example a base station such as a NodeB or eNodeB, or a
component thereof (such as a model manger), an apparatus embodying the same, a method
for controlling and/or operating the same, and computer program(s) controlling and/or
operating the same as well as mediums carrying such computer program(s) and forming
computer program product(s). Furthermore, it should thus be apparent that example
embodiments of the present invention provide, for example a terminal such as a UE, or a

component thereof, an apparatus embodying the same, a method for controlling and/or
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operating the same, and computer program(s) controlling and/or operating the same as well

as mediums carrying such computer program(s) and forming computer program product(s).

Implementations of any of the above described blocks, apparatuses, systems, techniques,
means, entities, units, devices, or methods include, as non-limiting examples,
implementations as hardware, software, firmware, special purpose circuits or logic, general
purpose hardware or controller or other computing devices, a virtual machine, or some

combination thereof.
It should be noted that the description of the embodiments is given by way of example only

and that various modifications may be made without departing from the scope of the

invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. Apparatus, comprising
configuration informing means adapted to inform on one or more resource pools
comprised by a set of resource pools, wherein each of the resource pools comprises
respective one or more resource units, and each of the resource units is defined by at least
one of a respective frequency band, a respective time period, and a respective coding space,
control means adapted to control a terminal device such that, if the terminal
device wants to perform a contention based transmission, the contention based transmission

may be performed on at least one of the resource pools of the set.

2. The apparatus according to claim 1, wherein at least one of

the configuration informing means is adapted to inform on the one or more resource
pools by broadcasting, and

the configuration informing means is adapted to inform on the one or more resource

pools by dedicated signaling to the terminal device.

3. The apparatus according to any of claims 1 and 2, wherein
the control means is adapted to indicate a number of the resource pools of the set on
which the terminal device may perform the contention based transmission if the set of

resource pools comprises plural resource pools.

4. The apparatus according to any of claims 1 to 3, further comprising at least one of
time indicating means adapted to indicate a time duration during which the terminal
device may perform the contention based transmission;
validity indicating means adapted to indicate a validity duration of the set; and
granularity indicating means adapted to indicate a respective granularity into which

frequency band, the time period, and the coding space is divided.

5. The apparatus according to any of claims 1 to 4, further comprising

deriving means adapted to derive, for at least one of the resource pools of the set, at
least one of a respective modulation scheme and a respective coding scheme;

scheme informing means adapted to inform the terminal device on the at least one of
the respective modulation scheme and the respective coding scheme for the at least one of

the resource pools.
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6. The apparatus according to any of claims 1 to 5, further comprising

tag providing means adapted to provide, for at least one of the resource pools of the
set, a respective tag to the terminal device, wherein each of the tags comprises information
on at least one of a channel condition of the respective resource pool, a load status of the

respective resource pool, and an expected capacity of the respective resource pool.

7. The apparatus according to any of claims 1 to 6, further comprising
forbidding means adapted to forbid the terminal device to perform the contention

based transmission on the at least one of the resource pools of the set.

8. The apparatus according to any of claims 1 to 7, further comprising at least one of
evaluating means adapted to evaluate the contention based transmission received
from the terminal; and
scheduling inhibiting means adapted to inhibit scheduling of a scheduled transmission

on the set of the resource pools.

9. Apparatus, comprising

configuration learning means adapted to learn about one or more resource pools
comprised by a first set of resource pools based on a received first configuration message,
wherein each of the resource pools comprises respective one or more resource units, and
each of the resource units is defined by at least one of a respective frequency band, a
respective time period, and a respective coding space;

selecting means adapted to select at least one selected resource pool out of the first
set of resource pools based on a received control indication that a contention based
transmission may be performed on the at least one selected resource pool;

instructing means adapted to instruct a transmitting device to perform the contention
based transmission on the respective at least one of the frequency band, the time period,

and the coding space of the at least one selected resource pool.
10. The apparatus according to claim 9, wherein at least one of
the first configuration message is comprised in a broadcasting signal, and

the first configuration message is comprised in a dedicated signaling to the apparatus.

11. The apparatus according to any of claims 9 and 10, wherein

the first set of resource pools comprises plural resource pools, and
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the received control indication indicates a number of the resource pools of the first set
for which the instructing means may instruct the transmitting device to perform the contention
based transmission on the respective at least one of the frequency band, the time period,
and the coding space of the at least one selected resource pool, and

the selecting means is adapted to select the indicated number of selected resource

pools or less than the indicated number of selected resource pools.

12. The apparatus according to any of claims 9 and 10, further comprising
triggering means adapted to trigger the instructing means to instruct the transmitting

device if the first configuration message is received.

13. The apparatus according to any of claims 9 to 12, further comprising

validity learning means adapted to learn, from a received validity indication, a validity
duration of the first set;

validity checking means adapted to check if the first set is valid;

prohibiting means adapted to prohibit the instructing means from instructing the

transmitting device based on the at least one selected resource pool if the first set is not valid.

14. The apparatus according to claim 13, further comprising
monitoring means adapted to monitor, if the first set is not valid, if a second
configuration message is received, wherein the second configuration message indicates that
one or more of the resource pools are comprised in a second set of resource pools, wherein
the instructing means is adapted to instruct the transmitting device based on one or

more resource pools of the second set.

15. The apparatus according to any of claims 9 to 14, further comprising

scheme learning means adapted to learn, from a received scheme indication, at least
one of a respective modulation scheme and a respective coding scheme for at least one of
the resource pools of the first sef;

scheme determining means adapted to determine the at least one of the respective
modulation scheme and the respective coding scheme for at least one of the at least one
selected resource pools, wherein

the instructing means is adapted to instruct the transmitting device to use the
determined at least one of the respective modulation scheme and the respective coding

scheme for transmitting on the at least one selected resource pool.

28



10

15

20

25

30

35

WO 2017/008227 PCT/CN2015/083892

16. The apparatus according to any of claims 9 to 15, wherein the selecting means is
adapted to select the at least one selected resource pool based on a respective tag received
for one or more of the resource pools of the first set, wherein each of the tags comprises
information on at least one of a channel condition of the respective resource pool, a load
status of the respective resource pool, and an expected capacity of the respective resource

pool.

17. The apparatus according to any of claims 9 to 16, further comprising at least one of a
time learning means and a forbiddance learning means, wherein

the time learning means is adapted to learn, from a received time indication, a time
duration during which the instructing means may instruct the transmitting device to perform
the contention based transmission on the respective at least one of the frequency band, the
time period, and the coding space of the at least one selected resource pool; and

the forbiddance learning means is adapted to learn that a forbiddance indication is
received; and the apparatus further comprises

instruction inhibiting means adapted to inhibit the instructing means from instructing
the transmitting device to perform the contention based transmission on the respective at
least one of the frequency band, the time period, and the coding space of the at least one
selected resource pool when at least one of the time duration is elapsed and the forbiddance

indication is received.

18. Method, comprising

informing on one or more resource pools comprised by a set of resource pools,
wherein each of the resource pools comprises respective one or more resource units, and
each of the resource units is defined by at least one of a respective frequency band, a
respective time period, and a respective coding space,

controlling a terminal device such that, if the terminal device wants to perform a
contention based transmission, the contention based transmission may be performed on at

least one of the resource pools of the set.

19. Method, comprising

learning about one or more resource pools comprised by a first set of resource pools
based on a received first configuration message, wherein each of the resource pools
comprises respective one or more resource units, and each of the resource units is defined
by at least one of a respective frequency band, a respective time period, and a respective

coding space;
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selecting at least one selected resource pool out of the first set of resource pools
based on a received control indication that a contention based transmission may be
performed on the at least one selected resource pool;

instructing a transmitting device to perform the contention based transmission on the
respective at least one of the frequency band, the time period, and the coding space of the at

least one selected resource pool.
20. A computer program product comprising a set of instructions which, when executed on

an apparatus, is configured to cause the apparatus to carry out the method according to any

of claims 18 and 19.
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