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(57) Abstract: There are provided a wireless communication appa-
ratus, method and system. The apparatus, at a first node, compris-
es: a transceiver, operative to transmit and/or receive radio signal; a
circuitry, operative to measure one or more channel busy ratios for
channel resource pools of the radio signal, and perform congestion
control on the channel resource pools based on the measured chan-
nel busy ratios.
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WIRELESS COMMUNICATION METHOD, APPARATUS AND SYSTEM

BACKGROUND
1. Technical Field

[0081] The present technology relates to wireless communication tield, and more

particular, to a wircless communication method, apparatus and system.

2. Description of the Related Art

[0002]) Congestion control function is a mandatory requirement for equipments
operated in 5.9 GHz Intelligent Transport System (ITS) band in Europe, and third
Generation Partnership Project (3GPP) is going to specify the congestion control

function as well based on especially, vehicle to vehicle (V2V) discussion.

SUMMARY

[0003] One non-limiting and exemplary embodiment provides a wireless

communication method, apparatus and system for congestion control.

[0004] In one general aspect, there is provided an apparatus, at a first node, comprising:
a transceiver, operative to transmit and/or recerve radio signal; a circuitry. operative to
measure one or more channel busy ratios for channel resource pools of the radio signal,
and perform congestion control on the channel resource pools based on the measured

channel busy ratios.

[0005] In another general aspect, there is provided a method, at a first node, operative
to transmit and/or receive radio signal, the method comprising: measuring one or more
channel busy ratios for channel resource pools of the radio signal, and performing
congestion control on the channel resource pools based on the measured channel busy

ratios.

[0006] In another gencral aspect, there is provided a system, at a first node,
comprising: a processor; a memory coupled with the processor, when executed by the
processor, to perform a method including: measuring one or more channel busy ratios

for channel resource pools of the radio signal, and performing congestion control on the
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channel resource pools based on the measured channcl busy ratios.

[0007] It should be noted that general or specitic embodiments may be implemented
as a system, a method, an integrated circuit, a computer program, a storage medium, or

any selective combination thereot.

[0008] Additional benetits and advantages of the disclosed embodiments will become
apparent from the spectfication and drawings. The benefits and/or advantages may be
individually obtained by the various embodiments and features ot the specification and
drawings, which need not all be provided in order to obtain onc or more of such benetits

and/or advantages.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Fig. ! schematically shows an cxample of a wircless communication scenario

including a user equipment (UJE) and a base station such as eNodeB {(eNB).

[0010] Fig. 2 schematically shows a block diagram of a wireless communication

apparatus according to an embodiment of the present disclosure.

[0011] Fig. 3A schematically shows several subframes and the resource pools of the

radio signal in the subframes.

[0012] Fig. 3B schematically shows an example for explaining a measuring operation
of the wireless communication apparatus according to the embodiment of the present

disclosure.

[0013] Fig. 4 schematically shows an example for explaining another measuring
operation of the wireless communication apparatus according to another embodiment of

the present disclosure.

[0014] Fig. S schematically shows an example for explaining another measuring
operation of the wireless communication apparatus according to another embodiment of

the present disclosure.

[0015] Fig. 6 schematically shows an example for explaining another measuring
operation of the wireless communication apparatus according to another embodiment of

the present disclosure.

[0016] Figs. 7A-7D schematically show different congestion control actions for
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different congestion situations.

[0017] Fig. 8 schematically shows an example for explaining a reporting operation of
the wireless communication apparatus according to an embodiment of the present

disclosure,

5 [0018] Fig. 9A schematically shows a flow chart of a wireless communication method

according to an embodiment of the present disclosure.

[0019] Fig. 9B schematically shows a flow chart of a wireless communication method

according to another embodiment of the present disclosure.

[0020] Fig. 9C schematically shows a flow chart of a wireless communication method

10 according to another embodiment of the present disclosure.

[0021] Fig. 10 schematically shows a block diagram of a wireless communication

system according to an embodiment of the present disclosure.

DETAILED BESCRIPTION

15 [0022] Embodiments will now be described with reference to Figs. 3 through 6, which
relate to a communication method, apparatus and system. It is understood that the
present technology may be embodied in many different forms and in many different
orders and should not be construed as being limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and

20 complete and will fully convey the present technology to those skilled in the art.
Indeed, the present technology is intended to cover alternatives, modifications and
equivalents of these embodiments, which are included within the scope and spirit of the
technology as defined by the appended claims. Furthermore. in the following detailed
description of the present technology. numerous specific details are sct forth in order to

25 provide a thorough understanding of the present technology. However, it will be clear
to those of ordinary skill in the art that the present technology may be practiced without

such specific details.

[0023] While orders of the steps of the methods and the structures of the components
are provided herein for exemplary purposes. but not for limitation. The foregoing
30  detailed description of the technology has been presented for purposes of illustration
and description. it is not intended to be exhaustive or to limit the technology to the

precise form disclosed. Many modifications and variations are possible in light of the
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above teaching. The described embodiments were chosen in order to best explain the
principles of the technology and its practical application to thereby enable others skilled
in the art to best utilize the technology in various embodiments and with various
modifications as are suited to the particular use contemplated. It is intended that the

scope of the technology be defined by the claims appended hereto.

[0024] Fig. ! schematically shows an cxample of a wircless communication scenario

including a user equipment (JE) and a base station such as eNodeB (eNB).

[0025] In a wirecless communication scenario, when two user equipment (UE)
terminals (e.g., mobile communication devices) of a wireless communication network
communicate with each other, their data path typically goes through an operator
network. The data path through the network may include base stations {such as eNB)
and/or gateways. If the devices are in close proximity with each other, their data path
may be routed locally through a local base station. The data path from the UE to the
eNB is called generally as an uplink channel or uplink (or UL for short), and the data
path from the eNB to the UE is called generally as a downlink channel or downlink (or
DL for short).

[0026] It 1s also possible for two UE terminals in close proximity to each other to
establish a direct link or communication without going through a base station such as
eNB. Telecommunications systems may use device-to-device (“D2D”) communication
or vehicle-to-vehicle (“V2V”), in which two or more UE terminals directly
communicate with one another. In the D2D or V2V communication, voice and/or data
trattic (referred to herein as “‘user traffic or uscr data”) from one UE terminal to one or
more other UE terminals may not be communicated through a base station or other
network control device of a telecommunication system. D2D or V2V communication
has more recently also become known as “sidelink direct communication” or even
“sidelink” communications, and accordingly 1s sometimes abbreviated as “SLD” or
“SL”. As such, D2D or V2V, sidelink direct, and sidelink, or sidelink channel are used

interchangeably herein but all have the same meaning.

[0027] At present, in order to allocate and manage radio resources tor performing the
wircless communication, a solution for allocating and recovering radio resources in a
Physical Uplink Control Channel (PUCCH) is provided in the related art. Taking the
allocation of Scheduling Reguest (SR) resources in the PUCCH as an example, the
solution 1s as tollows: a radio resource manager of a base station generates a resource

pool; when a UE accesses a network, the radio resource manager searches the resource
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pool to allocates a resource being unused to the UE upon finding it, and scts the
resource to be in the in-use state; and when the UE releases the resource, the radio

resource manager sets the resource to be in the not-in-use state.

[0028] However, the above solution for allocating resources stores the in-use resources
and the not-in-use resources in a mixed manner in the above solution for allocating
resources, and does not distinguish different resource types, so the congestion control is
performed with respect to all the resources as an entirety, theretore, an improved

solution for better resource allocation and congestion control is required.

[0029] Fig. 2 schematically shows a block diagram of a wireless communication

apparatus 200 according to an embodiment of the present disclosure.

[0033] The wireless communication apparatus 200 at a first node according to the
embodiment of the present disclosure includes a transceiver 201, operative to transmit
and/or receive radio signal; a circuitry 202, operative to measure one or more channel
busy ratios (CBRs) for channel resource pools of the radio signal, and perform
congestion control on the channel resource poois based on the measured one or more

channel busy ratios.

[0031] CBR proposed herein generally means how many resources are occupied to
reflect congestion situation in the wireless communication, and it can be observed at
both UE side and eNB side. By measuring the CBR, the UE or eNB could take relevant
actions for congestion control based on a degree of the UBR. Therefore, the CBR

measurement is a basis for congestion control.

[0032] This embodiment can measure a CBR of the whole bandwidth including all
D2D or V2V resource pools. Then rclevant actions can be taken based on the CBR

measurerent. Thus, congestion situation can be controlled and balanced.

[0033] Furthermore, in order to distinguish situations of transmission Modce 1 and
transmisston Mode 2, or Scheduling Assignment (SA) and data as defined in 3GPP so as
to do refined actions, and to know whether SA resource (or generally speaking, control
channel resource) pool or data resource (or generally speaking, data channel resource)
pool is congested, in an embodiment, the circuitry 202 may be operative to measure
channel busy ratios for different types of channel resource pools of the radio signal
respectively, and perform congestion control on the different types of channel resource

pools based on the measured channel busy ratios.

[06034] Thus, 1n order to obtain improved congestion control result, with the solution
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according to the embodiment of the disclosure, the circuitry 202 can measure CBRs for
difterent types of channel resource pools of the radio signal respectively, and perform
congestion control on the different types of channel resource pools based on the
measured channel busy ratios. Thus, cach CBR for each type of channel resource pool
can be measured scparately, and the congestion situation for cach type of channel
resource pool can be clearly known, and a distinctive and unique congestion control can
be performed particularly with respect to this type of channel resource pool. Therefore,

such congestion control can be more accurate and etficient.

[0035] In this case, firstly, certain resource pool’s congestion can be improved
separately, in the case that the average congestion for the entire bandwidth may not tell
details about difterent types of resource pools. And secondly, congestion situations can
be observed for each type of resource pool, relevant actions can be taken for each type
of resource pool. Thirdly, it may save power for measuring all the resource pools each

time.

[0036] In an cmbodiment, the CBR can be measured by calculating a ratio of occupied
number of resources to a total number of resources. The occupicd number of resources
indicates a number of calculation units of radio signal which have powers larger than a
threshold, and the total number of resources indicates a total number of the calculation

units of radio signal.

[0037] As an example but not for limitation, the CBR can be measured by the

tollowing formula (1)
[0038] CBR = occupied number / total number ... formula (1)

[0039] The occupied number indicates a number of calculation units of radio signal
which have powers larger than a threshold as mentioned above, and the total number

indicates a total number of the calculation units of radio signal as mentioned above.

[0040] In an c¢cmbodiment, the calculation units of radio signal may include one or
more physical resource blocks (PRBs), or one or more resource block groups (RBGs) or
other units for calculating the powers, and the powers may include radio signal power
strength, or power spectrum density or others for evaluating the power degree or usage

degree.

[0041] In an embodiment, the different types of channel resource pools of the radio
signal may include a control channel resource pool, and a data channel resource pool,

and the circuitry may be operative to measure a first channe! busy ratio for the control
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channel resource pool and measure a second channel busy ratio for the data channel

resource pool.

[0042] Fig. 3A schematically shows scveral subframes and the resource pools of the

radio signal in the subframes.

[0043] The conception of a resource pool is detfined in 3GPP specifications and it
includes time/frequency resources which transmit the same type of channels. Currently
in 3GPP Rel.12/13 specifications, SA data resource pool and data resource pool are
defined. To extend the usage to V2V, data and SA resource pools could be defined as
well in V2V implementations. And as SA and data could be transmitted in the same
subframe based on V2V agreements in 3GPP RANI, SA and data resource pools could
be configured in the same subframe as well, as shown in Fig. 3A. UEs at the

transmission Mode 1 and Mode 2 will take the same usage of the resources.

[0044] In an embodiment, the control channel resource pool may be a resource pool
including resources used for transmitting or recerving control channels (carrying control
radio signaling), and which could be used to transmit SA, or Sidelink Control Channel
(PSCCH). And the data channel resource pool may be a resource pool including
resources used for transmitting or receiving user traffic or user data (or user load), and
which could also e¢xampled as Physical Sidelink Shared Channel (PSSCH) from 3GPP

physical protocol point of view.

[0045] Fig. 3B schematically shows an example for explaining such measuring
operation of the wireless communication apparatus according to the embodiment of the

present disclosure.

[0046] As shown in Fig. 3B, the different types of channel resource pools of the radio
signal may include a SA channel resources pool (shown as SA in the drawings), and a
data channel resource pool (shown as data in the drawings). The circuitry 202 as shown
in Fig. 2 may be operative to measure a first channel busy ratio (CBR1) for the SA
channel resource pool and measure a second channel busy ratio {CBR2) for the data

channel resource pool respectively and scparately.

[0047] As such, each CBR for each type of channel resource pool can be measured
separatcly, and a distinctive and unique congestion control can be performed
particularly with respect to this type of channel resource pool. Therefore, such

congcstion control can be more accurate and eftficicnt.

[0048] In an embodiment, the first node may be operating at one of different
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transmission modes, and the circuitry may be operative to measure the channel busy
ratios for ditferent types of channel resource pools of the radio signal respectively with

respect to the ditferent transmission modes.

[0049] In an embodiment, the different transmission modes may include a first
transmission mode (for example Mode 1 as defined in 3GPP, in which transmission 1s
based on base station scheduling) and a second transmission mode (for example Mode 2
as defined in 3GPP, which is a user equipment autonomous resource allocation mode}.
Although two transmission modes are exemplified herein, the number of the

transmisston modes is not limited to two, but may be other numbers.

[0053] In this case, Fig. 4 schematically shows an example for explaining another
measuring operation of the wireless communication apparatus according to another

embodiment of the present disclosure.

[0051] As shown in Fig. 4, the circuitry may be operative to measure the CBRs for
different types of channel resource pools of the radio signal respectively with respect to
pool in Mode 1 resources, and measure a CBR2 for the data resource pool in Mode 1
resources, and measure a CBR3 for the SA resource pool in Mode 2 resources, and

measure a CBR4 for the data resource pool in Mode 2 resources.

[0052] As such, each CBR for each type of channel resource pool at different
transmission modes can be measured separately, and a distinctive and unigue congestion
control can be performed particularly with respect to this type of channel resource pool
at this transmission mode. Thercfore, such congestion control can be more accurate and

efficient.

[0053] Fig. 5 schematically shows an example for explaining another measuring
operation of the wireless communication apparatus according to another embodiment ot

the present disclosure.

[0054] In this embodiment, it is assumed that the different transmission modes include
a first transmission mode {for example Mode 1 as defined in 3GPP in which
transmission is based on base station scheduling) and a second transmission mode (for
example Mode 2 as defined in 3GPP that is a user equipment autonomous resource

allocation mode).

[0055] In the case that the first node is operating at the first transmission mode, for

example Mode 1, the circuitry 202 may be operative to measure the first channel busy



1

N
1]

0

WO 2018/027800 PCT/CN2016/094632

ratio, CBR1, for the control channel resource pool for the first transmission mode and
measure the second channel busy ratio, CBR2 for the data channel resource pool for the

first transmission mode, Mode 1.

[0056] As such, UEs at Mode 1 only measure CBRs including the CBR for the control
channel resource pool and the CBR for the data channel resource pool resources at
Modec 1, without measuring CBRs for the control channel resource pool and the data
channel resource pool resources at Mode 2 so as to save power consumption and
increase efficiency while maintaming accurate CBR measurement and congestion

control.

[0057] On the other hand. In the case that the first node is operating at the second
transmission mode, for example Mode 2, the circuitry 202 may be operative to measure
the third channel busy ratio, CBR3, for the control channel resource pool for the second
transmisston mode and measure the fourth channel busy ratio, CBR4 for the data

channel resource pool for the second transmission mode, Mode 2.

[0058] As such, UEs at Mode 2 only measure CBRs including the CBR for the control
channel resource pool and the CBR for the data channel resource pool resources at
Mode 2, without measuring CBRs for the control channel resource pool and the data
channel resource pool resources at Mode 1 so as to save power consumption and
increase efficiency while maintaining accurate CBR measurement and congestion

control.

[0059] Fig. 6 schematically shows an example for explaining another measuring
operation of the wireless communication apparatus according to another embodiment of

the present disclosure.

[0060] In the embodiment, in the case that the radio signal is of a plurality of carriers
in frequency domain, the circuitry 202 may be operative to measure the channel busy

ratios for the different types of channel resource pools for each carrier.

[0061] As shown in Fig. 6. it is assumed that the radio signal is formed of carrier
component 1 {CC1), carrier component 2 (CC2), and carrier component 3 (CC3). The
circuitry 202 may be operative to measurc a CBR1 including the CBR for the control
channel resource pool and the CBR for the data channel resource pool resources with
respect to the carrier CC1, and measure a CBR2 including the CBR for the control
channel resource pool and the CBR for the data channel resource pool resources with

respect to the carrier CC2, and measure a CBR3 including the CBR for the control



10

20

30

WO 2018/027800 PCT/CN2016/094632

channel resource pool and the CBR for the data channel resource pool resources with

respect to the carricr CC3, respectively.

[0062] From above mecthod that CBR is measured per CC, more accuratc CBR
measurement and congestion control could be obtained, and power consumption can

also be saved.

[0063] After the CBRs are measured, the measured CBR can be compared to a
predetermined threshold to determine a congestion situation. The predetermined

threshold could be specified, precontigured or RRC configured.

[0064] In the case that one or more of thc channel busy ratios exceced the
predetermined threshold, the circuitry 202 may be operative to instruct the transceiver
201 to transmit radio signal not in unoccupied resources in one or more of the difterent
types of channel resource pools corresponding to the one or more of the channel busy
ratios. Herein, the one or more of the different types of channel resource pools
corresponding to the onc or more of the channel busy ratios indicates the channel
resource pool whose channel busy ratio exceeds the predetermined threshold, and is also

called congested channel resource pool.

[0065] Such action of transmitting radio signal not in unoccupied resources includes
one or more of: transmitting radio signal in occupied resources for data with a priority
lower than a priority of the radio signal to be transmitted: transmitting radio signal in
occupied resources by dropping data occupying the occupied resources; transmitting
radio signal by adjusting radio parameters for the radio signal; and delaying a
predetermined time to transmit radio signal, and other actions for not occupying the
occupicd resources in the congested resource pool. In an embodiment, the radio
parameters for the radio signal may include one or more of power and number of
transmissions of a transport block or other parameters. In this case, the priority of the

radio signal could be specitied or RRC configured.

[0066] In the casc that onc or more of the channel busy ratios do not exceced a
predetermined threshold, the circuitry 202 may be operative to instruct the transceiver to
transmit radio signal in unoccupied resources in the one or more of the different types of

channel resource pools corresponding to the one or more of the channel busy ratios.

[0067] To be noted that in the case of the specific examples, Mode 1 and Mode 2 as
detined in 3GPP, and in the case that the first node is the UE, since the ¢NB is in charge

of schedule and congestion control when the UE 1s at Mode 1, after measuring the

10
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CBRs for Mode ! at the UE side and the measurement is reported to the eNB, the eNB
is to instruct the UE (including the circuitry 202 at the UE) to (instruct the transceiver to)
transmit the radio signal not in unoccupied resources, or transmit the radio signal in
unoccupied resources. On the other hand, the UE itself can be in charge of schedule and
5  congestion control when the UE is at Mode 2, so after measuring the CBRs for Mode 2,
the UE (including the circuitry 202 at the UE) can instruct the transceiver to transmit the
radio signal not in unoccupied resources, or transmit the radio signal in unoccupied

resources.

[0068] However, which is in charge of schedule and congestion contro! and which will
10 send the instructions is not a limitation, but in somc cmbodiments, as long as there are
difterent transmission modes, and CBRs for the ditferent the transmission modes are
measured respectively, the specific congestion control can be performed on the first
node to realize eftects including power consumption saving, accurate congestion control

and so on, no matter who is in charge of schedule and congestion control.

15 [0069] Figs. 7A-7D schematically show different congestion control actions for

different congestion situations.

[0070] The different congestion situations can be divided according to both of the
congested situation of the control channel resource pool and the congested situation of

the data channel resource pool.

20 [0071] Asshown in Figs. 7A-7D, the term “congested” indicates that the channel busy
ratios exceeds (i.e., is larger than or equal to} the predetermined threshold, and the term
“not congested” indicates that the channel busy ratios does not ecxceed (i.¢., is less than)

the predetermined threshold.

[0072] In Fig. 7A, the SA resource pool is not congested and the data resource pool is
256 congested based on the C(CBR measurement. Based on the above-mentioned
straightforward solution in which that the CBR is measured based on the whole
bandwidth without distinctively measuring each CBR for cach type of resource pool, the
CBR level may be low, so data will be transmitted in unoccupied resources in the data
resource pool. However, such behavior will cause heavier congestion situation for data
30 transmission especially in the case that the data channel resource pool is already

congcsted.

[0073] Bascd on the proposal of the cmbodiments ot the present disclosure that CBRs

for SA and data are scparately measured, it can be clearly known that the SA resource

11
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pool is not congested and the data resource pool is congested, cven if the whole
congestion situation for the whole bandwidth is still not congested. So different actions
can be taken for SA and data resource pools by:

1. for the data channel resource pool, preempting lower priority packets for data
transmission in the occupied resources in the data channel resource pool as the CBR of
data is high and the data channcl resource pool is congested. It does not need to transmit

the packets in unoccupied resources turther: and

2. for the SA channel resource pool, the data can be transmitted in unoccupied
resources in the SA channel resource pool as the CBR ot SA 1s low, and the SA channel

resource pool is not congested.

[0074] By doing so, the SA resource pool’s utilization is improved, and congestion
situation of the data resource pool does not become worse. Each resource pool’s
utilization can be optimized to obtain an improved congestion control on each of the

whole resource pools.

[0075] In this example, preemption means transmitting radio signal in occupied
resources for data with a priority lower than a priority of the radio signal to be
transmitted, which 1s mentioned for congestion control. Other possibilities are also
possible, including for example, transmitiing radio signal in occupied resources by
dropping data occupying the occupied resources; transmitting radio signal by adjusting
radio parameters for the radio signal; and delaying a predetermined time to transmit

radio signal, and others.

[0076] In Fig. 7B, the SA resource pool is congested and the data resource pool is not

congested based on the CBR measurement.

[0077] Based on the proposal of the ecmbodiments of the present disclosure that CBRs
for SA and data are scparately measured, it can be clearly known that the SA resource
pool is congested and the data resource pool is not congested, even it the whole
congestion situation for the whoie bandwidth is still not congested. So different actions
can be taken for the SA and data resource pools by:

1. for the SA channel resource pool, preempting lower priority packets for data
transmission in the occupied resources in the SA channel resource pool as the CBR of
SA is high and the SA channel resource pool is congested. 1t does not need to transmit

the packets in unoccupied resources further; and

12
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2. for the data channel resource pool, the data can be transmitted in unoccupied
resources in the data channel resource pool as the CBR of data is low, and the data

channel resource pool is not congested.

[0078] By doing so, the data resource pool’s utilization 1s 1mproved, and congestion
situation of the SA resource pool does not become worse. Each resource pool’s
utilization can be optimized to obtain an improved congestion control on each of the

whole resource pools.

[0079] In Fig. 7C, the SA resource pool is congested and the data resource pool is also

congested based on the CBR measurement.

[0080] Based on the proposal of the embodiments of the present disclosure that CBRs
for SA and data are separately measured, it can be clearty known that the SA resource
pool is congested and the data resource pool is also congested. So actions can be taken

for the SA and data resource pools by:

[0081] For both the SA channel resource pool and the data channel resource pool,
preempting lower priority packets for data transmission in the occupied resources in
both the SA channel resource pool and the data channel resource pool as the CBRs of
SA and data are both high.

[0082] By doing so, the congestion situation of the SA and data resource pools does

not become worse.

[0083] In Fig. 7D, the SA resource pool is not congested and the data resource pool is

not congested based on the CBR measurement.

[0084] Based on the proposal of the cmbodiments of the present disclosure that CBRs
for SA and data arc separately measured, it can be clearly known that the SA resource
pool is not congested and the data resource pool is not congested. So actions can be

taken for the SA and data resource pools by:

[0085] For both the SA and data channel resource pools, the data can be transmitted in
unoccupied resources in both the SA and data channel resource pools as the CBRs of SA

and data are both low.
[0086] By doing so, both the data and SA resource pools” utilization 1s improved.

[0087] Fig. 8 schematically shows an example for explaining a reporting operation of

the wireless communication apparatus according to an embodiment of the present
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disclosure.

[0088] CBR can be measured at the eNB side and the UE docs not report it. But the
¢NB side cannot know interference situation at the UEs, so the observed CBR value at
the ¢NB side may be too conservative, because some occupied resources may still be
used for other UEs if there is no interference or small interterence to each other due to

large distance.

[0089] So, as proposed in this embodiment, the transceiver 201 at the first node may
be operative to report the measured channel busy ratios to a sccond node, and the first
node may be a user equipment (UE), and the second node may be a base station (eNB).

That is, the UE sides measure CBRs, and report them to the eNB side.

[0090] As shown in Fig. 8, based on the eNB observation, the CBR is 50% as one
resource is allocated for UE] and another resource is allocated to UEZ. But at the UE
side, a UE1’s transmission does not interfere with a UE2, so the relevant resource (the
left upper resource as shown) could still be used for transmission by UE2. Therefore,
CBR observed by the UE2 is 25%, which is lower than the observation of the eNB. In

this case, the observation at the UE side is more accurate.

[0091] The benefit of UEs reporting CBRs to the eNB is that the UEs can observe the
CBRs more accurately, so the congestion controls on each type of the channel source

pool can be more accurate and cfficient.

[0092] In an embodiment, the transceiver 201 at UE side may be operative to report
the measured channel busy ratios, CBRs. to the eNB in response to one of the following
conditions: a predetermined period elapses (i.e., periodically); at least one of the
measured channel busy ratios exceeds a predetermined threshold; or the reporting is

triggered by the base station. i.¢., eNB.

[0093] Then, detailed congestion control can be done at ¢eNB side, for example, but

not limited to:

i. the eNB could adjust the SA or data resource pools based on the reported CBRs

of the SA and data respectively.
2. the ¢eNB could adjust congestion situation by scheduling (e.g, not scheduling
certain lower priority packets of certain UEs).

[0094] The benefit of eNB performing the detailed congestion control is that the eNB

can know better about congestion situation on the whole UEs, compared with
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congestion control totally relying on eNB implementation. The spectral efticiency can

be improved.

[0095] Thus, with the embodiments of the present disclosure, cach CBR for cach type
of channel resource pool can be measured separately, and the congestion situation for
each type of channel resource pool can be clearly known, and a distinctive and unique
congestion control can be pertormed particularly with respect to this type of channel

resource pool. Therefore. such congestion control can be more accurate and cfficient.

[0096] In another embodiment, the wireless communication apparatus 200 at a first
node according to the embodiment ot the present disclosure includes a transceiver 201,
operative to transmit and/or receive radio signal; a circuitry 202, operative to measure
one or more channel busy ratios (CBRs) for channel resource pools of the radio signal,
and perform congestion control on the channel resource pools based on the measured
one or more channel busy ratios. And the first node may be operating at one of different
transmisston modes, and the circuitry 202 may be operative to measure the channel
busy ratios for the channel resource pools of the radio signal with respect to the

different transmission modes.

[0097] In this embodiment, cach CBR for each transmission mode can be measured
scparately. and the congestion situation tor each transmission mode can be clearly
known, and a distinctive and unigue congestion control can be performed particularty
with respect to UEs at cach transmission mode. Therefore, such congestion control can

be more accurate and cfficient.

[0098] In another embodiment, the wircless communication apparatus 200 at a first
node according to the embodiment of the present disclosure includes a transceiver 201,
operative to transmit and/or receive radio signal; a circuitry 202, operative to measure
one or more channel busy ratios {CBRs} for channel resource pools of the radio signal,
and pertorm congestion control on the channel resource pools based on the measured
one or more channel busy ratios. And in the case that the radio signal is ot a plurality of
carriers, the circuitry 202 may be operative to measure the channel busy ratios for the

channel resource pools for each carrier.

[0099] In this embodiment, cach CBR for each carrier can be measured separately, and
the congestion situation tfor each carrier can be clearly known, and a distinctive and
unigque congestion control can be performed particularly with respect to each carrier.

Therefore, such congestion control can be more accurate and efficient.
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[00100] Fig. 9A schematically shows a flow chart of a wireless communication method

900 according to an embodiment ot the present disclosure.

[001017 The method 900, at a first node, comprises: step S901, measuring channel busy
ratios for different types of channel resource pool ot the radio signal respectively: and
step S902 performing congestion control on the different types of channel resource

pools based on the measured channcl busy ratios.

[00102} Thus, cach CBR for each type of channe! resource pool can be mcasured
scparatcly, and the congestion situation for each type of channel resource pool can be
clearly known, and a distinctive and unique congestion control can be performed
particularly with respect to this type of channel resource pool. Therefore, such

congestion control can be more accurate and efficient.

[00103} In an embodiment, the different types of channel resource pools of the radio
signal may include a control channel resource pool and a data channel resource pool,
and the step S901 may include measuring a first channel busy ratio for the control
channel resource pool and measuring a second channel busy ratio for the data channel

resource pool.

[00104} In an embodiment, the first node may be operating at one of different
transmission modes, and the step $S981 may include measuring the channel busy ratios

tor different types of channel resource pools of the radio signal respectively with respect

[00105] In an embodiment. the different transmission modes may include a first
transmission mode in which transmission is based on base station scheduling and a
second transmission mode that is a user cquipment autonomous resource allocation
mode. In the case that the first node is operating at the first transmission mode. the step
S901 may include measuring the first channel busy ratio for the control channel
resource pool for the first transmission mode and measuring the second channel busy

ratio for the data channel resource pool for the first transmission mode.

[00106] In an embodiment, the different transmission modes may include a first
transmission mode and a second transmission mode. In the case that the first node 1s
operating at the second transmission mode, the step S901 may include measuring the
first channel busy ratio for the controf channel resource pool for the second transmission
mode and measuring the second channel busy ratio for the data channel resource pool

for the second transmission mode.
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[00107} In an embodiment, in the case that the radio signal is of a plurality of carriers,
the step S981 may include measuring the channel busy ratios for the different types of

channel resource pools for each carrier.

[00108] In an embodiment, in the case that one or more of the channel busy ratios
exceed a predetermined threshold, the step 5902 may include transmiiting radio signal
not in unoccupied resources in one or more of the difterent types of channel resource

pools corresponding to the one or more of the channel busy ratios.

[00109] In an embodiment, in the case that one or more of the channel busy ratios
exceed a predetermined threshold, the step $902 may include one or more of:
transmitting radio signal in occupied resources for data with a priority lower than a
priority of the radio signal to be transmitted; transmitting radio signal in occupied
resources by dropping data occupying the occupied resources; transmitting radio signal
by adjusting radio parameters for the radio signal; and delaying a predetermined time to

transmit radio signal.

[00110} In an embodiment, the radio parameters for the radio signal may include one or

more of power and number of transmissions of a transport block.

[00111] In an embodiment, in the case that one or more of the channel busy ratios do
not exceed a predetermined threshold, the step 5902 may include transmitting radio
signal in unoccupied resources in the one or more of the different types of channel

resource pools corresponding to the one or more of the channel busy ratios.

[00112} In an embodiment, the method 900 may further include a step of reporting the
measured channel busy ratios to a second node, wherein the first node is a user

equipment, and the second node is a base station.

[00113} In an embodiment, the step of reporting may inchide reporting the measured
channcl busy ratios to a second node in responsc to onc of the following conditions: a
predetermined period elapses; at least one of the measured channel busy ratios exceeds

a predetermined threshold; or the reporting is triggered by the base station.

[00114} In an embodiment, the step 902 may include measuring channel busy ratios
(CBRs) by calculating a ratio of occupied number of resources to a total number of
resources, wherein, the occupied number of resources indicates a number of calculation
units of radio signal which have powers larger than a threshold, and the total number of

resources indicates a total number of the calculation units of radio signal.
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[00115} In an embodiment, the calculation units of radio signal may include one or
more physical resource blocks, or one or more resource block groups. and wherein the

powers include radio signal power strength, or power spectrum density.

[00116] In an embodiment, the control channel resource pool may include a Physical
Sidelink Control Channel (PSCCH) resource pool, and the data channel resource pool
may include a Physical Sidelink Sharcd Channel (PSSCH}) resource pool.

[00117} Thus, with the embodiments of the present disclosure, each CBR for each type
of channel resource pool can be mecasured separately, and the congestion situation for
each type of channel resource pool can be clearly known, and a distinctive and unique
congestion control can be performed particularly with respect to this type of channel

resource pool. Therefore, such congestion control can be more accurate and etficient.

[00118] Fig. 9B schematically shows a flow chart of a wireless communication method

900’ according to anothcr embodiment of the present disclosure.

[00119] The mcthod 9007, at a first node, comprises: step S901°, measuring one or
more channel busy ratios for channel resource pools of the radio signal with respect to
different transmission modes; and step 5902 performing congestion control on the

ditferent types of channel resource pool based on the measured channel busy ratios.

[00120] In this embodiment, each CBR for each transmission mode can be measured
separately, and the congestion situation for each transmission mode can be clearly
known, and a distinctive and unigue congestion control can be performed particularly
with respect to UEs at each transmission mode. Therefore, such congestion control can

be more accurate and efficient.

[00121] Fig. 9C schematically shows a flow chart of a wireless communication method

900 according to another embodiment of the present disclosure.

[00122} The method 900™, at a first node, comprises: step S901”, measuring one or
more channcl busy ratios for channel resource pools of the radio signal with respect to
difterent transmission modes: and step S902” performing congestion control on the

different types of channel resource pool based on the measured channel busy ratios.

[00123] In this embodiment. each CBR for each carrier can be measured separately, and
the congestion situation for each carrier can be clearly known, and a distinctive and
unique congestion control can be performed particularly with respect to cach carricr.

Therefore, such congestion control can be more accurate and etfticient.
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[00124] Fig. 10 schematically shows a block diagram of a wircless communication

system 1000 according to an embodiment of the present disclosure.

[00125} The system 1000, at a first node, comprises: a processor H1: a memory H2
coupled with the processor, when executed by the processor, to perform a method 900
including: step S901, measuring channel busy ratios for different types of channel
resource pools of the radio signal respectively; and step 8902, performing congestion
control on the different types of channel resource pools based on the measured channel

busy ratios.

[00126] In an embodiment, the different types of channel resource pools of the radio
signal may include a control channel resource pool and a data channel resource pool,
and the step S901 may include measuring a first channel busy ratio for the control
channel resource pool and measuring a sccond channel busy ratio for the data channel

resource pool.

[00127} In an embodiment, the first node may be opecrating at one of different
transmission modes, and the step S901 may include measuring the channel busy ratios
tor different types of channel resource pools of the radio signal respectively with respect

to the different transmission modes.

[00128] In an embodiment, the different transmission modes may include a first
transmission mode in which transmission is based on base station scheduling and a
second transmission mode that is a user equipment autonomous resource allocation
mode. In the case that the first node is operating at the first transmission mode, the step
S901 may include measuring the first channel busy ratio for the control channel
resource pool for the first transmission mode and measuring the second channel busy

ratio for the data channel resource pool for the first transmission mode.

[00129] In an embodiment, the different transmission modes may include a first
transmisston mode and a sccond transmission mode. In the case that the first node is
operating at the second transmission mode, the step S901 may include measuring the
tirst channel busy ratio for the control channel resource pool for the second transmission
mode and measuring the second channel busy ratio for the data channel resource pool

for the second transniission mode.

[00130} in an embodiment, in the case that the radio signal is of a plurality of carriers,
the step S9G1 may include measuring the channel busy ratios for the different types of

channel resource pools for each carrier.
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[00131] In an embodiment, in the casc that one or morc of the channcl busy ratios
exceed a predetermined threshold, the step S902 may include transmiiting radio signal
not in unoccupied resources in one or more of the different types of channel resource

pools corresponding to the one or more of the channel busy ratios.

[00132] In an embodiment, in the case that one or more of the channel busy ratios
exceed a predetermined threshold, the step S902 may include one or more of:
transmitting radio signal in occupied resources for data with a priority lower than a
priority of the radio signal to be transmitted; transmitting radio signal in occupied
resources by dropping data occupying the occupied resources; transmitting radio signal
by adjusting radio parameters for the radio signal; and delaying a predetermined time to

transmit radio signal.

[00133} In an embodiment, the radio parameters for the radio signal may include one or

more of power and number of transmissions of a transport block.

[00134] In an embodiment, in the case that onc or more of the channel busy ratios do
not exceed a predetermined threshold, the step S902 may inciude transmitting radio
signal in unoccupied resources in the one or more of the difterent types of channel

resource pools corresponding to the one or more of the channel busy ratios.

[00135} In an embodiment, the method 900 may turther include a step of reporting the
measured channel busy ratios to a second node, wherein the first node i1s a user

equipment, and the second node is a base station.

[00136] In an embodiment, the step ot reporting may include reporting the measured
channel busy ratios to a second node in response to one of the following conditions: a
predetermined period clapses; at least one of the measured channel busy ratios exceeds

a predetermined threshold; or the reporting is triggered by the base station.

-

[00137]} In an embodiment, the step 902 may include measuring channel busy ratios
(CBRs) by calculating a ratio of occupied number of resources to a total number of
resources, wherein, the occupied number of resources indicates a number of calculation
units of radio signal which have powers larger than a threshold, and the total number of

resources indicates a total number of the calculation units of radio signal.

[00138} In an embodiment, the calculation units of radio signal may include one or
more physical resource blocks, or one or more resource block groups, and wherein the

powers inciude radio signal power strength, or power spectrum density.
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[00139] In an embodiment, the control channel resource pool may include a Physical
Sidelink Control Channel (PSCCH) resource pool. and the data channel resource pool

may Include a Physical Sidelink Shared Channel (PSSCH) resource pool.

[00140] Thus. with the embodiments of the present disclosure, each CBR for each type
ot channel resource pool can be measured separately, and the congestion situation for
cach type of channel resource pool can be clearly known, and a distinctive and unique
congestion control can be performed particularly with respect to this type of channel

resource pool. Therefore, such congestion control can be more accurate and efficient.

[00141} In addition, embodiments of the present disclosure can at least provide the

following subject matters.
[00142} (1). An apparatus, at a first node, comprising:
a transceiver, operative to transmit and/or receive radio signal;

a circuitry, operative to measure one or more channel busy ratios for channel resource
pools of the radio signal, and perform congestion control on the channel resource pools

based on the measured one or more channel busy ratios.
[00143} (2) The apparatus according to (1), wherein,

a circuitry is operative to measure channel busy ratios for different types ot channel
resource pools of the radio signal respectively, and perform congestion controf on the

different types ot channel resource pools based on the measured channel busy ratios.

[00144} (3). The apparatus according to (3). wherein, the ditterent types of channel
-esource pools of the radio signal include a control channel resource pool and a data

channel resource pool, and

wherein the circuitry 1s operative to measure a first channel busy ratio for the control
channel resource pool and measure a second channei busy ratio for the data channel

resource pool.

[00145] (4). The apparatus according to (2}, wherein, the first node is operating at
onc of different transmission modes, and the circuitry is operative to measure the
channel busy ratios for different types of channel resource pools of the radio signal

respectively with respect to the different transmission modes.

[00146] (5). The apparatus according to (4), wherein, the different transmission

modes include a first transmission mode in which transmission is based on base station
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scheduling and a second transmission mode that is a user equipment autonomous

resource allocation mode,

wherein in the case that the first node is operating at the first transmission mode, the
circuitry is operative to measure the first channel busy ratio for the control channcl
resource pool for the first transmission mode and measure the second channel busy ratio

tor the data channel resource pool for the first transmission mode.

[00147} (6). The apparatus according to {4), wherein, the different transmission

modes include a first transmission mode and a second transmission mode,

in the case that the first node is operating at the second transmission mode, the circuitry
1s operative to measure the first channel busy ratio for the control channel resource pool
for the second transmission mode and measure the second channel busy ratio for the

data channel resource poot for the second transmission mode.

[00148&1 (7). The apparatus according to (2), wherein, in the case that the radio
signal is of a plurality of carriers, the circuitry is operative to measure the channel busy

ratios for the difterent types of channel resource pools for each carrier.

[00149] (8). The apparatus according to {2), wherein, in the case that one or more
of the channel busy ratios excced a predetermined threshold, the radio signal is not
transmitted in unoccupied resources in one or more of the different types of channel

resource pools corresponding to the one or more of the channel busy ratios.

[001507 (9. The apparatus according to (8), whercin, the circuitry is operative to

instruct the transceiver to perform onc or more of:

transmitting radio signal in occupied resources for data with a priority lower than a

priority of the radio signal to be transmitted;

transmitting radio signal in occupied resources by dropping data occupying the

occupied resources;
transmitting radio signal by adjusting radio parameters for the radio signal; and
delaying a predetermined time to transmit radio signal.

[001517 (10).  The apparatus according to (9), wherein, the radio paramcters for the
radio signal include one or more of power and number of transmissions of a transport
block.
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[60152% ¢(11).  The apparatus according to (2), wherein, in the case that onc or more
of the channel busy ratios do not exceed a predetermined threshold. the radio signal is
transmitted in unoccupied resources in the one or more ot the different types of channel

resource pools corresponding to the one or more of the channel busy ratios.

[00153]1 (12).  The apparatus according to {2), wherein, the transceiver is operative to
report the measured channel busy ratios to a sccond node, wherein the first node 1s a

user equipment, and the second node is a base station.

[00154} ¢(13).  The apparatus according to (12), wherein, the transceiver is operative
to report the measured channel busy ratios to the second node in response to one of the

following conditions:

a predetermined period elapses:

at feast onc of the measured channel busy ratios exceeds a predetermined threshold: or
the reporting is triggered by the base station.

[00155] (14).  The apparatus according to (2), wherein, a circuitry, operative to
measure channel busy ratios (CBRs) by calculating a ratio ot occupied number of

resources to a total number of resources,

wherein, the occupied number of resources indicates a number of calculation units of
radio signal which have powers larger than a threshold, and the total number of

resources indicates a total number of the calculation units of radio signal.

[00156] (15).  The apparatus according to (14), wherein, the calculation units of
radio signal include one or more physical resource blocks, or one or more resource
block groups, and wherein the powers include radio signal power strength, or power

spectrum density.

[00157} (16).  The apparatus according to (3), wherein the control channel resource
pool includes a Physical Sidelink Control Channel (PSCCH) resource pool, and the data
channel resource pool includes a Physical Sidelink Shared Channel (PSSCH) resource

pool.

[00158} (17). The apparatus according to claim I, wherein the first node is operating at
one of different transmission modes, and the circuitry is operative to measure the
channel busy ratios for the channel resource pools of the radio signal with respect to the

different transmission modes.
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[00159] (18). The apparatus according to claim I, wherein in the case that the radio
signal is ot a plurality of carriers, the circuitry i1s operative to measure the channel busy

ratios for the channel resource pools for each carrier.

[00160] (19). A method, at a first node, operative to transmit and/or receive radio

signal, the method comprising:

measuring one or more channel busy ratios for channel resource pools of the radio

signal, and

pertorming congestion control on the channel resource pools based on the measured one

or more channel busy ratios.

[001617 ¢20).  The method according to (19), wherein, the difterent types of channel
resource pool of the radio signal include a control channel resource pool and a data

channel resource pool, and

[00162} wherein the measuring includes measuring a first channel busy ratio for the
control channel resource pool and measuring a second channel busy ratio for the data

channel resource pool.

[00163]} (21).  The method according to (19), wherein, the first node is operating at
one of different transmission modes, and the measuring includes measuring the channel
busy ratios for different types of channel resource pools of the radio signal respectively

with respect to the different transmission modes.

[00164] (22).  The method according to (21), wherein, the different transmission
modes include a first transmission mode in which transmission is based on base station
scheduling and a second transmission mode that is a user equipment autonomous

resource allocation mode,

[00165} wherein in the case that the first node 1s operating at the first transmission
mode, the measuring includes measuring the first channel busy ratio for the control
channel resource pool for the first transmission mode and measuring the second channel

busy ratio tor the data channel resource pool for the first transmission mode.

[00166] (23).  The method according to (21), wherein, the different transmission

modes include a first transmission mode and a second transmission mode,

in the case that the first node is operating at the second transmission mode, the

measuring includes measuring the first channel busy ratio for the control channcl
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resource pool for the sccond transmission mode and measuring the second channel busy

ratio for the data channel resource poot for the second transmission mode.

[00167] (24).  The method according to (19), wherein, in the case that the radio
signal is of a plurality of carriers. the measuring includes measuring the channel busy

ratios for the different types of channel resource pools for each carrier.

[00168] (25).  The method according to (19), wherein, in the case that one or more ot
the channel busy ratios exceed a predetermined threshold, the performing includes
transmitting radio signal not in unoccupied resources in one or more of the different
types of channel resource pools corresponding to the one or more of the channel busy

ratios.

[00169] (26).  The method according to (25), wherein, the pertorming inchides one

or more of’

transmitting radio signal in occupied resources for data with a priority lower than a

priority of the radio signal to be transmitted;

transmitting radio signal in occupied resources by dropping data occupying the

occupicd resources;
transmitting radio signal by adjusting radio parameters for the radio signal; and
delaying a predetermined time to transmit radio signal.

[00170] (27).  The method according to {23), wherein, the radio parameters for the
radio signal include one or more of power and number of transmissions of a transport
block.

[00171] (28).  The method according to {19}, wherein, in the case that one or more of
the channel busy ratios do not exceed a predetermined threshold, the pertorming
includes transmitting radio signal in unoccupied resources in the one or more of the
different types of channel resource pools corresponding to the onc or more of the

channel busy ratios.

[001727 (29).  The method according to (19), wherein, the method further comprises
reporting the measured channel busy ratios to a second node. wherein the first node is a

user equipment, and the second node is a base station.

[00173] ¢30).  The method according to (29), wherein, the method turther comprises

reporting the measured channel busy ratios to the second node in response to one of the
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following conditions:

a predetermined period elapses;

at least one of the measured channel busy ratios exceeds a predetermined threshold; or
the reporting is triggered by the base station.

[001747 ¢31).  The method according to (19), wherein, the measuring includes
measuring channel busy ratios (CBRs) by calculating a ratio of occupied number of

resources to a total number of resources,

wherein, the occupicd number of resources indicates a number of calculation units of
radio signal which have powers larger than a threshold. and the total number of

resources indicates a total number of the calculation units of radio signal.

[001751 (32).  The method according to (31), wherein, the calculation units of radio
signal include one or more physical resource blocks, or one or more resource block
groups, and wherein the powers include radio signal power strength, or power spectrum

density.

[00176] (33).  The method according to (20}, wherein the control channel resource
pool includes a Physical Sidelink Control Channel (PSCCH) resource pool, and a data
channel resource pool inchudes a Physical Sidelink Shared Channel (PSSCH) resource

pool.

[00177] ¢34). The method according to (19), wherein the first node is operating at one
of different transmission modes, and the measuring includes measure the channel busy
ratios for the channel resource pools of the radio signal with respect to different

transmission modes.

[00178] ¢(35). The method according to (19), wherein in the case that the radio signal is
of a plurality of carriers, the measuring includes measuring the channel busy ratios for

the channel resource pools for each carrier.
[00179] (36). A system, at a first node, comprising:
a processor;

a memory coupled with the processor, when executed by the processor, to perform a

method including:

measuring channel busy ratios for different types of channel resource pools of the radio
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signal respectively, and

performing congestion control on the different types ot channel resource pools based on

the measured channel busy ratios.

[001807 (37).  The system according to (36), wherein, the ditferent types ot channel
resource pool of the radio signal include a control channel resource pool and a data

channel resource pool, and

wherein the measuring includes measuring a first channel busy ratio for the control
channel resource pool and measuring a second channel busy ratio for the data channel

resource pool.

[001817 (38).  The system according to (36), wherein, the first node is operating at
one of ditferent transmission modes, and the measuring includes measuring the channel
busy ratios for different types of channel resource pools of the radio signal respectively

with respect to different transmission modes.

[00182] ¢39).  The system according to (38}, wherein, the different transmission

modes include a first transmission mode and a second transmission mode,

[00183} wherein in the case that the first node 1s operating at the first transmission
mode, the measuring includes measuring the first channel busy ratio for the control
channel resource pool for the first transmission mode and measuring the second channel

busy ratio for the data channel resource pool for the first transmission mode.

[00184] (40).  The system according to (38), wherein, the different transmission

modes include a first transmission mode and a second transmission mode,

[00185] wherein the measuring includes measuring the first channel busy ratio for the
control channel resource pool for the second transmission mode and measuring the
second channel busy ratio for the data channel resource pool for the second transmission

mode.

[00186] (41).  The system according to (36), wherein, in the case that the radio signal
is of a plurality of carriers, the measuring includes measuring the channel busy ratios for

the different types of channel resource pools for each carrier.

[00187] ¢42).  The system according to (36), wherein, in the case that one or more ot
the channel busy ratios exceed a predetermined threshold, the performing includes

transmitting radio signal not in unoccupied resources in one or more of the different
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types of channel resource pools corresponding to the one or more of the channel busy
ratios.
[001887 (43).  The system according to (42), wherein, the performing includes one or

more of:

transmitting radio signal in occupied resources for data with a priority lower than a

priority of the radio signal to be transmitted:

transmitting radio signal in occupied resources by dropping data occupying the

occupied resources;
transmitting radio signal by adjusting radio parameters for the radio signal; and
delaying a predetermined time to transmit radio signal.

[00189] (44).  The system according to {43), wherein, the radio paramcters for the
radio signal include one or more of power and number of transmissions of a transport
block.

[00190] (45).  The system according to (36}, wherein, in the case that one or more of
the channel busy ratios do not exceed a predetermined threshold, the performing
includes transmitting radio signal in unoccupied resources in the one or more of the
different types ot channel resource pools corresponding to the one or more of the

channel busy ratios.

[00191] (46).  The system according to (36), wherein, the method further comprises
reporting the measured channel busy ratios to a second node, wherein the first node is a

user equipment, and the second node 1s a base station.

[00192] (47).  The system according to (46), wherein, the method further comprises
reporting the measured channel busy ratios to the second node in response to one of the

following conditions:

a predetermined period elapses:

at least one of the measured channel busy ratios exceeds a predetermined threshold: or
the reporting is triggered by the base station.

[00193] (48).  The system according to (36), wherein, the measuring includes
measuring channel busy ratios (CBRs) by calculating a ratio of occupied number of

resources to a total number of resources,
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wherein, the occupicd number of resources indicates a number of calculation units of
radio signal which have powers larger than a threshold. and the total number of

resources Indicates a total number of the calculation units of radio signal.

[00194] (49).  The system according to (48). wherein. the calculation units of radio
signal include one or more physical resource blocks, or one or more resource block
groups, and wherein the powers include radio signal power strength, or power spectrum

density.

[001957 (50).  The system according to (37), whercin the control channel resource
pool includes a Physical Sidelink Control Channel (PSCCH) resource pool, and the data
channel resource pool includes a Physical Sidelink Shared Channel (PSSCH) resource

pool.

[00196] (51). The method according to (36), wherein the first node is operating at one
of diffcrent transmission modes, and the measuring includes measure the channel busy
ratios for the channel resource pools of the radio signal with respect to different

transmission modes.

[00197] ¢(52). The method according to (36), wherein in the case that the radio signal is
of a plurality of carriers, the measuring includes measuring the channel busy ratios for

the channel resource pools for cach carrier.

[0019%] The present disclosure can be realized by software, hardware, or software in
cooperation with hardware. Each functional block used in the description of each
embodiment described above can be realized by an L.SI as an integrated circuit, and
each process described in the each embodiment may be controlled by L.SI. They may be
individually formed as chips, or on¢ chip may be formed so as to include a part or all of
the functional blocks. They may include a data input and output coupled thereto. The
[.SI here may be referred to as an IC, a system LS, a super LSI, or an ultra [.S]
depending on a difference in the degree of integration. However, the technique of
implementing an integrated circuit is not limited to the LSI and may be realized by
using a dedicated circuit or a general-purpose processor. In addition, a FPGA (Field
Programmable Gate Array) that can be programmed after the manutacture of the LS or
a reconfigurable processor in which the connections and the settings of circuits cells

disposed inside the LSI can be reconfigured may be used.

[00199] Examples of several ecmbodiments of the present disclosure have been

described in detail above, with reference to the attached illustrations of specific
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cmbodiments. Because it is not possible, of course, to describe every conceivable
combination of components or techniques, those skilled in the art will appreciate that
various modifications may be made to the above described embodiments without
departing from the scope of the present disclosure. For example, it will be readily
appreciated that although the above embodiments are described with reference to parts
of a 3GPP network, an embodiment of the present disclosure will also be applicable to
like networks, such as a successor of the 3GPP network, having like functional

compornents.

[00200} Therefore, in particular, the terms 3GPP and associated or related terms used in
the above description and in the enclosed drawings and any appended claims now or in

the future are to be interpreted accordingly.

[002017 The prescnt disclosure can be realized by software, hardware, or softwarc in
cooperation with hardware. Each functional block used in the description of each
embodiment described above can be realized by an LS| as an integrated circuit, and
cach process described in the ecach embodiment may be controlled by LSI. They may be
individually formed as chips, or one chip may be formed so as to include a part or all of
the functional blocks. They may include a data input and output coupled thereto. The
LSI here may be referred to as an IC, a system LSI, a super LSI, or an ultra LS
depending on a difference in the degree of integration. However, the technigue of
implernenting an integrated circuit is not limited to the L.SI and may be realized by
using a dedicated circuit or a general-purpose processor. In addition, a FPGA (Field
Programmable Gate Array) that can be programmed after the manufacture of the LSI or
a rcconfigurable processor in which the connections and the scttings of circuits cells

disposed inside the 1.SI can be reconfigured may be used.

[00202] Notably, modifications and other embodiments of the disclosed disclosure(s)
will come to mind to one skilled in the art having the benetit of the teachings presented
in the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the disclosure(s) is/are not to be limited to the specific embodiments
disclosed and that modifications and other ernbodirents are intended to be included
within the scope of this disclosure. Although specific terms may be employed herein,

they are used in a generic and descriptive sense only and not for purposes ot limitation.
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CLAIMS
1. An apparatus, at a first node, comprising:
a transceiver, operative to transmit and/or receive radio signal;

) a circuitry, operative to measure one or more channel busy ratios for channel
resource pools of the radio signal, and perform congestion control on the

channel resource pools based on the measured one or more channel busy ratios.
2. The apparatus according to claim 1, wherein,

a circuitry is operative to measure channel busy ratios for different types of
10 channel resource pools of the radio signal respectively, and perform congestion
control on the different types of channel resource pools based on the measured

channel busy ratios.

3. The apparatus according to claim 2, wherein, the different types of channel resource
pools of the radio signal include a control channel resource pool and a data channel

15 resource pool, and

wherein the circuitry 1s operative to measure a first channel busy ratio for the
control channel resource pool and measure a second channel busy ratio for the

data channel resource pool.

4. The apparatus according to claim 2, wherein, the first node is operating at one of
20 different transmission modes, and the circuitry is operative to measure the channel
busy ratios for different types of channel resource pools of the radio signal

respectively with respect to the different transmission modes.

5. The apparatus according to claim 4, wherein, the different transmission modes

25 include a first transmission mode and a second transmission mode,

wherein in the case that the first node is operating at the first transmission
mode, the circuitry is operative to measurc the first channel busy ratio for the
control channel resource pool for the first transmission mode and measure the
second channel busy ratio for the data channel resource pool for the first

30 transmission mode.
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6.

:\}

10.

il

12.

The apparatus according to claim 4, wherein, the different transmission modes

include a first transmission mode and a second transmission mode,

in the case that the first node 1s operating at the second transmission mode, the
circuitry 1s operative to measure the first channel busy ratio for the control
channel resource pool for the second transmission mode and measure the
second channel busy ratio for the data channel resource pool for the second

transmission mode.

The apparatus according to claim 2, wherein, in the case that the radio signal is of a
plurality of carriers, the circuitry is operative to measure the channel busy ratios for

the different types of channel resource pools for each carrier.

The apparatus according to claim 2, wherein, in the case that one or more of the
channel busy ratios exceed a predetermined threshold, the radio signal is not
transmitted in unoccupiced resources in one or more of the different types of channel

resource pools corresponding to the one or more of the channel busy ratios.

The apparatus according to claim §. wherein, the circuitry is operative to instruct

the transceiver to perform one or more of:

transmitting radio signal in occupied resources for data with a priority lower

than a priority of the radio signal to be transmitted;

transmitting radio signal in occupied resources by dropping data occupying the

occupicd resources;
transmitting radio signai by adjusting radio parameters for the radio signal; and
delaying a predetermined time to transmit radio signal.

The apparatus according to claim 9, wherein, the radio parameters for the radio
signal include one or more of power, number of transmissions of a transpotrt block,

modulation and coding scheme and physical resource block number.

The apparatus according to claim 2, wherein, in the case that one or more of the
channel busy ratios do not exceed a predetermined threshold, the radio signal is
transmitted in unoccupied resources in the one or more of the different types of

channel resource pools corresponding to the one or more of the channel busy ratios.

The apparatus according to claim 2, wherein, the transceiver is operative to report

the measured channel busy ratios to a second node, wherein the first node is a user
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cquipment, and the second node is a base station.

13. The apparatus according to claim 12, wherein, the transceiver is operative to report
the mecasured channel busy ratios to the second node in response to one of the

following conditions:
5 a predetermined period clapses;

at least one of the measured channel busy ratios exceeds a predeterined

threshold; or
the reporting is triggered by the base station.

14. The apparatus according to claim 1, wherein, a circuitry, operative to measure
10 channel busy ratios (CBRs) by calculating a ratio of occupied number of resources

to a total number of resources,

wherein, the occupied number ot resources indicates a number of calculation
units of radio signal which have powers larger than a threshold, and the total
number of resources indicates a total number of the calculation units of radio

15 signal.

15. The apparatus according to claim 14, wherein, the calculation units of the radio
signal include one or more physical resource biocks, or one or more resource block
groups, and wherein the powers include radio signal power strength, or power

spectrum density.

20 16. The apparatus according to claim 3, wherein the control channel resource pool
includes a Physical Sidelink Control Channel (PSCCH) resource pool, and the data
channel resource pool includes a Physical Sidelink Shared Channel (PSSCH)

resource pool.

. The apparatus according to claim 1, wherein the first node is operating at one of
25 different transmission modes, and the circuitry is operative to measure the channel
busy ratios for the channel resource pools of the radio signal with respect to the

different transmission modes.

18. The apparatus according to claim i, wherein in the case that the radio signal is of a
plurality of carriers, the circuitry is operative to mieasure the channel busy ratios for

30 the channcl resource pools for each carrier.

19. A method, at a first node, operative to transmit and/or receive radio signal, the
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method comprising:

measuring one or more channel busy ratios for channel resource pools of the

radio signal, and

performing congestion control on the channel resource pools based on the

rocasurcd one or more channel busy ratios.
20. A system, at a first node, comprising:
a processor;

a memory coupled with the processor, when executed by the processor, to

perform a method including:

mieasuring one or mwore channel busy ratios for channel resource pools of the

radio signal, and

performing congestion control on the channel resource pools based on the

measured one or more channel busy ratios.
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