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(57) Abstract: The application provides a method for transmitting a control channel and a data channel in V2X communication,
comprising the following steps of: first, determining, by a UE, resource pool configurations for a PSCCH and a PSSCH and an asso-
ciation relationship between the both; then, determining, by the UE and in PSCCH resource pools or a subset of PSCCH resource
pools, PSCCH resources required by one or multiple times of PSCCH transmission, and further determining, in PSSCH resource
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source pools, time-frequency domain resources for PSSCH transmission; and finally, transmitting, by the UE, corresponding inform-
ation on the determined PSCCH and PSSCH resources. By the method provided by the present application, the requirement on low
time delay of V2X services can be met, and the implementation complexity of a UE can be effectively controlled.
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Description
Title of Invention: METHOD AND APPARATUS FOR
TRANSMITTING CONTROL CHANNEL AND DATA CHANNEL

IN V2X COMMUNICATION
Technical Field

[1] The present application relates to the technical field of mobile communications, and
in particular to a method and apparatus for transmitting a control channel and a data

channel in V2X communication.

Background Art

[2] At present, due to its great potential value in the public security field and the ordinary
civil communication field, the Device to Device (D2D) communication technology has
been accepted by the 3GPP standards, and has realized the standardization of a part of
functions in the 3GPP Rel-12, including the mutual discovery of D2D terminals in a In
Coverage (IC) scenario, and the broadcast communications between D2D terminals in
a In Coverage (IC) scenario, a Partial Coverage (PC) scenario and an Out of Coverage
(OC) scenario.

[3] At present, two D2D broadcast communication modes (Mode 1 and Mode 2 for
short) have been defined in the 3GPP Rel-12. Wherein, Mode 1 requires that a UE
transmitting D2D broadcast communication must be a UE in coverage of a cellular
network (ICUE). The UE acquires configuration information of a Physical Sidelink
Control Channel (PSCCH) resource pool of Mode 1 by receiving a system broadcast
signaling transmitted by an eNB, the configuration information containing the period
of the PSCCH and the position of a subframe for transmitting the PSCCH in each
period, as well as the position of a Physical Resource Block (PRB) for PSCCH
transmission in each subframe. When a UE supporting the Mode 1 broadcast commu-
nication has data, the UE applies for a dedicated Mode 1 communication resource from
the eNB by a particular Buffer Status Report (BSR). Subsequently, the UE detects a
sidelink grant from the eNB before each PSCCH period, and acquires the position of a
resource for transmitting the PSCCH and the Physical Sidelink Shared Channel
(PSSCH) in this PSCCH period. In Mode 1, collision of resources between different
UESs can be avoided through the centralized control by the eNB.

[4] A UE transmitting a D2D broadcast communication in Mode 2 can be an ICUE, or a
UE out of coverage of the cellular network (OCUE). The ICUE acquires config-
urations of a PSCCH resource pool and an associated PSSCH resource pool for the
Mode 2 by receiving a system broadcast signaling from the eNB (where the PSSCH

resource pool contains the positions of subframes for PSSCH transmission in the as-



WO 2017/171519 PCT/KR2017/003641

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

2

sociated PSCCH period, as well as the position of a physical resource block for
PSSCH transmission in each subframe), and then randomly selects resources for
transmitting the PSCCH and the associated PSSCH in each PSCCH period; while the
OCUE determines configurations of a PSCCH resource pool and an associated PSSCH
resource pool for the Mode 2 through pre-configuration information, and the way of
selecting resources is the same as that for the ICUE. In a PC scenario, the Mode 2
resource pool configuration preconfigured by the OCUE is related to a carrier
frequency of a cell of an ICUE participating in the D2D broadcast communication, a
system bandwidth and/or a TDD configuration.

In the two D2D broadcast communication modes, PSCCH resource pools are bound
with PSSCH resource pools or PSSCH resources one by one. Within each PSCCH
period, the position of a PSCCH resource pool is prior to the associated PSSCH
resource pool or PSSCH resources, and the resources in the both pools are not
overlapped. In addition, since D2D terminals operate in a half-duplex mode, terminals
performing simultaneous transmission cannot receive signals transmitted by the
opposite party. In the Rel-12, the half-duplex limitation is solved in a resource hopping
manner.

Within each PSCCH period, each PSCCH will be transmitted for two times, and the
time-frequency domain resource for the first transmission is:
=mod(s,N,)

n f

n, = floor(s/N,):

the resource for the second transmission is:

n, = mod(s+mod(nf1 , N, )+ ILN,)’

n, = floor(N,[2)+n,

where s is an index of a PSCCH resource, the PSCCH resource is one or more PRBs

for one PSCCH transmission, J, is the number of subframes contained in the PSCCH

resource pool, Ny is the number of PRBs contained in the PSCCH resource pool, and

N~N;-1. In this resource hopping way, PSCCHs transmitted on a same subframe for

the first time, the offset generated by the positions of subframes of the resource for the
second transmission, and the amplitude of the offset are all related to the frequency
domain position of the resource for the first transmission, so that it is ensured that
positions of subframes for PSCCH retransmission on a same subframe during the first
transmission are different. In addition, two times of transmission can ensure the
receiving reliability of PSCCHs.

A PSSCH scheduled by the PSCCH will be transmitted for four times, and the
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positions of subframes for the four times of transmission are determined by a Time
Resource Pattern (TRP). An index of the TRP used by the PSSCH transmission is
indicated by the PSCCH, and a receiving terminal determines a mapping relation
between TRP indexes and TRPs by receiving a cell signaling or by pre-configuration.

The TRP is represented by a bit sequence having a length of N .. If the set of
subframes for PSSCH transmission within a PSCCH period is {l 7] ] }
0°81>b050 00

and the TRP pattern associated with the TRP index indicated in this PSCCH is

, and if — 1, subframe is used for transmittin
{b()ab]-;bz-;--- bNTRP_]} b]mOdNTRP 1 Z] g

a PSSCH scheduled by the PSCCH. Since the positions of subframes associated with
different TRPs are not completely identical, terminals that transmit PSSCHs by using
different TRPs are likely to receive PSSCHs from the opposite party. In addition,
similar to the PSCCH, four times of transmission can ensure the bit error rate of
receiving PSSCHs on the receiving side.

It can be seen from the above description that, to solve the half-duplex limitation and
ensure the requirement on receiving reliability, the resources for transmitting PSCCHs
and the resources for transmitting PSSCHs are not overlapped, and, the resources for
transmitting PSCCHs are located prior to the resources being scheduled for
transmitting PSSCHs and the used resource hopping way is different from that for
PSSCH transmission. Such a design facilitates the simplification of the receiving
complexity on the receiving side. However, it increases the time delay of PSSCH
transmission.

Since the standardized D2D communication in the 3GPP Rel-12 is mainly specific to
low-speed terminals, as well as services having lower requirements on the time delay
sensitivity and receiving reliability, the realized D2D functions are far unable to meet
the user demands. Accordingly, in the subsequent 3GPP versions, further enhancing
the functional framework of D2D has become a broad consensus for various commu-
nication terminal manufacturers and communication network equipment manufacturers
nowadays. Wherein, based on the current D2D broadcast communication mechanism,
supporting low-delay and high-reliability direct communications between high-speed
equipments, between a high-speed equipment and a low-speed equipment and between
a high-speed equipment and a static equipment (i.e., V2X (Vehicle to Vehicle/
Pedestrian/Infrastructure/Network) is one of functions to be standardized prefer-
entially.

Compared to the existing D2D communication, the major difference between the
V2X communication and the D2D communication lies in the higher requirements on
the time delay and reliability. At present, the 3GPP has clearly stipulated that the
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minimum time delay for the V2X is 20 ms, and has also provided requirements on high
reliability. However, in the existing D2D design process, the requirements on the two
aspects have not yet been used as main consideration factors. For example, in an
existing D2D communication mechanism, the maximum absolute time occupied by the
PSCCH resource pool can reach 400 ms. However, since the position of the data
resource is always behind the PSCCH resource pool, it is difficult to ensure the
transmission delay of data in the existing D2D communication. In addition, a PSCCH
is transmitted for two times at present. However, for a multiple of terminals
transmitting PSCCHys, if the first transmission or the second transmission is conducted
on a same subframe, the terminals have only one opportunity to receive PSCCHs from
the opposite party at most, so that the receiving reliability of PSCCHs will be seriously
influenced. Moreover, since a PSCCH is likely to schedule multiple times of PSSCH
transmission within each PSCCH period at present, the receiving reliability of PSSCHs

will be further reduced, when compared with the receiving reliability of PSCCHs.
It can be seen from the above analysis that the existing D2D communication

mechanism has great deficiencies in term of data transmission delay and data
transmission reliability and cannot meet the requirements on the low time delay and
high reliability in the V2X communication. However, there has been no ideal technical

solution on how to solve the problems.
Disclosure of Invention

Technical Problem
An objective of the present application is to solve at least one of the technical detects

described above, and particularly to provide a method and apparatus for transmitting a
PSCCH and a PSSCH in V2X communication.

Solution to Problem

The method comprises the following steps of:

first, determining, by a UE, a set of resources available for PSCCH transmission and
a set of PSSCH resources associated with the set of PSCCH resources;

determining, by the UE and in the set of PSCCH resources, a PSCCH resource
required by PSCCH transmission;

determining, by the UE and in the set of PSSCH resources associated with the set of
PSCCH resources, a time-frequency domain resource for PSSCH transmission; and

transmitting, by the UE, corresponding information on the determined PSCCH and
PSSCH resources.

Preferably, the determining a set of resources for PSCCH transmission and a set of
resources for PSSCH transmission associated with the set of resources for PSCCH

transmission comprises: the set of resources for PSCCH transmission is all resources in
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PSCCH resource pools, and the set of resources for PSSCH transmission is all
resources in PSSCH resource pools.

Or, the set of resources for PSCCH transmission is a subset of PSCCH resource
pools, and the set of associated resources for PSSCH transmission is a subset of
PSSCH resource pools; and, subframes contained in the subset of PSCCH resource
pools are completely identical with subframes contained in the subset of PSSCH
resource pools, and positions of PRBs are not overlapped.

Preferably, the UE determines the set of associated PSSCH resources according to a
multiple of PSCCH resource pools in a binding relationship with a current PSCCH
resource pool, the multiple of PSCCH resource pools in a binding relationship are as-
sociated with a same PSSCH resource pool, and a set of subframes of the PSSCH
resource pool is a union set of sets of subframes of the multiple of PSCCH resource
pools associated with the PSSCH resource pool.

Preferably, a set of subframes of the resource pools is uniquely determined by a bit
map and an offset value, wherein the offset value represents an offset of a starting
point of the set of subframes from a starting point of a V2X system frame.

Preferably, after being associated to the offset value, the bit map is associated to the
successive subframes after the offset value for V2X communication; the first bit of the
bit map is associated to the starting point of the set of subframes; the bit map should be
repeated for many times until one V2X system frame period is occupied; and, if the
length of the V2X system frame period is not an integer multiple of that of the bit map,
an excess portion of the last repeated bit map over one V2X system frame period
should be truncated.

Preferably, the UE can use two transmission modes:

a PSCCH and a scheduled PSSCH can be transmitted in a same subframe, which is
recorded as transmission mode 1;

or, the PSCCH is transmitted prior to the scheduled PSSCH, which is recorded as
transmission mode 2.

Preferably, if there is a binding relationship between a PSCCH resource pool C/ and
another PSCCH resource pool C2, and the C2 and a PSSCH resource pool S2 as-
sociated with the C2 support transmission mode 1, a set of subframes of a PSSCH
resource pool S/ associated with the C/ can be a union set of the set of subframes of
the C1 and the set of subframes of the C2; and a set of PRBs of the S/ should be a
superset of a set of PRBs of the S2.

Preferably, deciding, by the UE, whether there is a multiple of available PSCCH
resources within a current transmission period; if so, by the UE, randomly selecting a
PSCCH resource from the multiple of available PSCCH resources, or preferentially

selecting, from the multiple of available PSCCH resources, a PSCCH resource having
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a latest time position, or preferentially selecting, from the multiple of available PSCCH
resources, a PSCCH resource having a lowest interference level;

wherein the set of resources for PSCCH transmission is all resources in PSCCH
resource pools; and, if a subframe n belongs to a PSCCH resource pool selected by the
UE, and an interval between the subframe » and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data, the UE de-
termines PSCCH resources Sc of the subframe 7 as available PSCCH resources when
the PSCCH resources Sc of the subframe n meet one of the following conditions:

the UE has transmitted a PSCCH on PSCCH resources Sc of a subframe n-P;

the UE detects that an average energy of PSCCH resources Sc on a subframe n-iP is
less than a pre-defined threshold, where i€ (0,a]; and

a service transmitted by the UE is of a particular priority;

where P is a transmission period of the UE, and a is a particular value. Preferably,
the set of resources for PSSCH transmission is all resources in PSSCH resource pools;

if a set Sd consisting of one or more PRBs in a PSSCH resource pool of a subframe
m meets one of the following conditions, the UE regards the set Sd as available
PSCCH resources;

the UE has transmitted a PSSCH on resources Sd in a PSSCH resource pool of a
subframe m-P; an interval between the subframe m and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data; and one or
more PRBs in the set Sd are not occupied by other UEs transmitting data having a
priority higher than a particular priority;

the UE has not transmitted a PSSCH on resources Sd in a PSSCH resource pool of a
subframe m-P; an interval between the subframe m and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data; one or more
PRBs in the set Sd are not occupied by other UEs transmitting data having a higher
priority; and the UE detects that the average energy of PSCCH resources Sd on a
subframe m-[P is less than a pre-defined threshold, where /e (0,b];

the UE has not transmitted a PSSCH on resources Sd in a PSSCH resource pool of a
subframe m-P; an interval between the subframe m and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data; one or more
PRBs in the set Sd are not occupied by other UEs transmitting data having a higher
priority; and when a part of or all of PRBs in the set Sd are scheduled by PSCCHs
transmitted by other UEs, the UE detects that the average power of one or more
PSCCHs scheduling the PRBs is less than a pre-defined threshold;

the UE detects that the average energy of PSSCH resources Sd on a subframe m-[P is
less than a pre-defined threshold, where le (0,b]; and

if the UE has found that a multiple of subframes have available PSSCH resources
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within the current transmission period, and the available PSCCH resources are

sufficient to bear a data packet transmitted by the UE, the UE randomly selects a

PSSCH resource from the available PSSCH resources or preferentially selects a

PSSCH resource having a latest time position from the available PSSCH resources;
where b is a particular value.

Preferably, if the data transmitted by the UE has a priority higher than a pre-defined
priority, a time interval between the PSCCH time-frequency domain resource for
PSCCH transmission and the PSSCH time-frequency domain resource for PSSCH
transmission scheduled by the PSCCH, which are both determined by the UE, should
be greater than a pre-defined value.

Preferably, the selecting, by the UE, PSCCH and PSSCH resources further
comprises: if the power of the UE in transmitting the PSCCH currently exceeds
Pr_max_C, the UE can only select, from resources in PSCCH resources other than the
subset of PSCCH resource pools, resources for PSCCH transmission.

Preferably, for both the transmission mode 1 and the transmission mode 2, the
PSCCH is transmitted for four times, positions of subframes for the four times of
transmission are determined by a TRP having an index value of /,xp— npsccms 7
or 77rsccH3 2 in a set of TRPs defined in the Rel-12/13; and for any one of the four
subframes, an index of a PSCCH resource for PSCCH transmission is determined

according to a relative position of /rrp in a set .S, where the set S is a set consisting of

N pp TRPs using the current subframe as a transmitting subframe in the set of TRPs.

Preferably, the selecting, by the UE, PSSCH resources comprises: if the UE uses the
transmission mode 1 currently, the number of times of PSSCH transmission of the UE
is the same as the number of times of PSCCH transmission, and the PSSCH and the
PSCCH scheduling this PSSCH are transmitted in a same subframe.

Preferably, a way of transmitting the PSCCH and the PSSCH comprises: for the
transmission mode 1, the position of a PRB transmitting the PSSCH can be indicated
by a signaling configured by the eNB or by pre-configuration information;

for the transmission mode 2, information carried in the PSCCH at least contains

1
log, UNPR;* U (7 +1)x108,(N ey )

of a subframe for transmitting the scheduled PSSCH each time and the position of an

bits for indicating the position

occupied PRB in each subframe, where T denotes the number of times of PSSCH

transmission, and \ppp denotes the number of PRBs on each subframe in a PSSCH

resource pool.
Preferably, the way of transmitting the PSCCH and the PSSCH further comprises: if
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the UE uses the transmission mode 1 currently, the UE should use PSCCH format 1;
and, if the UE uses the transmission mode 2 currently, the UE should use PSCCH

format 2.
Preferably, a difference between the PSCCH format 1 and the PSCCH format 2 lies

in that: the number of bits contained in the PSCCH format 1 is the same as that in the
PSCCH format 2, and a UE using the transmission mode 1 needs to set a particular
field in the PSCCH as a fixed value.

Preferably, setting, by the UE, PSCCH contents comprises:

a UE using the transmission mode 1 sets a bit field indicated by the position of the
subframe for each time of PSSCH transmission in the PSCCH as O or 1; and, a UE
using the transmission mode 1 sets a bit field indicated by the time-frequency resource
for the PSSCH in the PSCCH as O or 1.

Preferably, if an index isy of a PRB for transmitting the PSCCH is less than indexes

of all PRBs in the PRB set of the associated PSSCH resource pool, indexes of Npsscy
PRBs for transmitting the scheduled PSSCH are

isat+1, isa+2, ..., isatNpsscw > respectively; and, if the index /g4 of the PRB
for transmitting the PSCCH is greater than indexes of all PRBs in the set of PRBs in
the associated PSSCH resource pool , indexes of Npsscry PRBs for transmitting the

scheduled PSSCH are isq-1, iq-2. .. respectively.

- Isa=NpsscH -

In the technical solutions provided by the present application, first, a UE determines
resource pool configurations for a PSCCH and a PSSCH and an association rela-
tionship between the both; then, the UE determines, in PSCCH resource pools or a
subset of PSCCH resource pools, PSCCH resources required by one or multiple times
of PSCCH transmission, and further determines, in PSSCH resource pools associated
with the PSCCH resource pools or in a subset of PSSCH resource pools associated
with the subset of PSCCH resource pools, time-frequency domain resources for
PSSCH transmission; and finally, the UE transmits corresponding information on the
determined PSCCH and PSSCH resources. By the method provided by the present ap-
plication, the requirement on low time delay of V2X services can be met, and the im-
plementation complexity of a UE can be effectively controlled.
Brief Description of Drawings

Fig. 1 is an operation flowchart of a transmitting UE according to the present ap-
plication;

Fig. 2 is a schematic diagram of PSCCH and PSSCH resource subset configurations
according to the present application;

Fig. 3 is a schematic diagram of a correspondence between one PSSCH resource pool
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and one PSCCH resource pool according to the present application;
Fig. 4 is a schematic diagram of a configuration method of a set of subframes

according to the present application;

Fig. 5 is a schematic diagram of a correspondence between one PSSCH resource pool
and two PSSCH resource pools according to the present application;

Fig. 6 is a schematic diagram of relative positions of set of PRBs in a PSCCH
resource pool supporting transmission mode 1 and in an associated PSSCH resource
pool according to the present application; and

Fig. 7 is a schematic diagram of a composition structure of a preferred apparatus

according to the present application.

Mode for the Invention

To make the objectives, technical solutions and advantages of the present application
clearer, the present application will be further described below in details by em-
bodiments with reference to the accompanying drawings.

In the V2X communication, in comparison to the current D2D communication, there
are higher requirements on the data transmission delay and the data transmission re-
liability. Due to its deficiencies in the allocation mode of resources for the PSCCH and
PSSCH and the resource hopping mode, the existing D2D communication mechanism
cannot meet the requirements on low time delay and high reliability of the V2X com-
munication in many cases. Hence, the present application provides a PSCCH resource
allocation method. As shown in Fig. 1, a transmitting UE transmits a PSCCH channel
and a PSSCH channel by the following steps.

Step 110: By a UE, resource pools for a PSCCH and a PSSCH are determined.

In the present application, the UE can determine configurations of the two above
resource pools by receiving an eNB signaling or by pre-configuration. From the per-
spective of the whole system, the PSCCH resource pool and the PSSCH resource pool
occupy same subframes; and in a same subframe, the positions of PRBs occupied by
the PSCCH resource pool and the PSSCH resource pool are not completely identical.

Step 120: By the UE, PSCCH resources required by one or multiple times of PSCCH
transmission are determined in PSCCH resource pools or a subset of PSCCH resource
pools.

In the present application, a PSCCH resource refers to the number of PRBs for one
PSCCH transmission. A same PSCCH can be transmitted for one or multiple times. If
a PSCCH is transmitted for multiple times, resources occupied by the multiple times of
PSCCH transmission are completely independent, or resources occupied by the
multiple times of PSCCH transmission are determined by certain pre-defined or pre-

configured resource patterns, where each resource pattern is associated to a unique
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index value.

The UE determines the subset of resource pools by receiving an eNB signaling or by
pre-configuration, and the subset of resource pools can be associated to one or more
PSCCH resources or associated to one or more PSCCH patterns.

In the present application, a PSCCH and a scheduled PSSCH can be transmitted in a
same subframe, or the PSCCH is always transmitted prior to the scheduled PSSCH. In
the present application, the former is called transmission mode 1, and the latter is
called transmission mode 2.

In the case of a configured or pre-configured subset of PSCCH resource pools, the
UE can determines a transmission mode and selects positions of PSCCH resources
according to the service type. For example, if the data transmitted by the UE is of a
first service type, the UE uses the transmission mode 1, and the UE selects PSCCH
resources in the subset of PSCCH resource pools; and, if the data transmitted by the
UE is of a second service type, the UE uses the transmission mode 2, and selects
PSCCH resources in PSCCH resource pools. The first service type and the second
service type are defined by the standard. Specifically, during implementation inside the
UE, the service type can be decided by a service layer of the UE. The service layer of
the UE gives a corresponding indication to an access layer of the UE, and the access
layer of the UE selects PSCCH resources from a corresponding set (PSCCH resource
pools or a subset of PSCCH resource pools) according to the indication (the service
type 1 or 2) from the service layer.

In addition, in the present application, the UE can transmit the PSCCH and PSSCH
always in accordance with the transmission mode 1 or always in accordance with the
transmission mode 2.

Step 130: By the UE, a time-frequency domain resource for PSSCH transmission is
determined in PSSCH resource pools associated with the PSCCH resource pools or a
subset of PSSCH resource pools associated with the subset of PSCCH resource pools.

The PSSCH resource pools associated with the PSCCH resource pools are PSSCH
resource pools within this PSCCH period, or PSSCH resource pools within a next
PSCCH period. Subframes contained in the subset of PSCCH resource pools are
completely identical with subframes contained in the associated subset of PSSCH
resource pools.

In the present application, a same PSSCH can be transmitted for one or multiple
times. If a PSSCH is transmitted for multiple times, resources occupied by the multiple
times of PSSCH transmission are completely independent of each other, or resources
occupied by the multiple times of PSSCH transmission are determined by certain pre-
defined or pre-configured resource patterns, where each resource pattern is associated

to a unique index value.
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The UE determines the subset of PSSCH resource pools by receiving an eNB
signaling or by pre-configuration.

Step S140: By the UE, the PSCCH and the PSSCH are transmitted on the determined
resources.

In the present application, the PSCCH transmitted by the UE should at least contain a
PSSCH time-frequency resource indication. In the case of the configured or pre-
configured subsets of PSCCH and PSSCH resource pools, the PSCCH should contain a
transmission mode (transmission mode 1 or 2) capable of being indicative of PSCCH
association.

It is to be specifically noted that the present application is not limited to the execution
sequence of the above steps.

To easily understand the present application, the technical solutions of the present ap-
plication will be further described below in a device-to-device interaction mode and in
combination with specific applications.

Embodiment 1:

In this embodiment, a UE determines PSCCH and PSSCH resource pools by
receiving an eNB signal or by pre-configuration, and in all cases, the UE transmits a
PSCCH and a PSSCH always in accordance with transmission mode 1. Specific imple-
mentation steps are as follows.

Step 210: By a UE, PSCCH resource pools and associated PSSCH resource pools are
determined.

In this embodiment, positions of subframes of the PSCCH and of PSSCH resource
pools can be indicated by a same bit map, and positions of PRBs of the PSCCH and
PSSCH resource pools on each subframe are not overlapped. The PSCCH resource
pools are associated with PSSCH resource pools at a same subframe position.

Step 220: By the UE, PSCCH resources required by multiple times of PSCCH
transmission are determined in the PSCCH resource pools.

In this embodiment, each PSCCH can be transmitted for two times or four times, and
PSCCH resources for the multiple times of PSCCH transmission can be completely in-
dependent of each other or be determined by a certain pre-defined resource pattern.

The UE autonomously selects, from the PSCCH resource pools, PSCCH resources
for multiple times of PSCCH transmission (if the PSCCH resources for the multiple
times of PSCCH transmission are completely independent), or selects a resource
pattern index npsccn; associated with the PSCCH resources for multiple times of
PSCCH transmission. The UE can perform autonomous selection according to one or
more of the result of resource detection, its own location, a random resource selection
mechanism and other methods, and the way of autonomously selecting PSCCH

resources by the UE is not limited in the present application, similarly hereinafter.
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If a PSSCH is transmitted for two times, a way of determining, by the UE, positions
of PSCCH resources for the first PSCCH transmission and the second PSCCH
transmission through a resource pattern index is the same as the way of determining
resources for PSCCH transmission as defined in the Rel-12/13.

If a PSCCH is transmitted for four times, positions of subframes for the four times of
transmission are determined by a TRP having an index value of /trp=#rpsccyi in the
set of TRPs as defined in the Rel-12/13; and, for any one of the four subframes, an
index of a PSCCH resource for PSCCH transmission is determined in the following
ways:

1. a set § consisting of V_,.., TRPs using the current subframe as a transmitting
subframe is determined in the set of TRPs;

2. indexes of the TRPs in the set S are sequenced in an ascending order or a de-

scending order, and a relative sequence ﬁTRP of /trp in the set § is determined; and

3. an index 7, of a PSCCH resource for PSCCH transmission is determined by:

Mygp = Firge + f0p (1) - Ns ) mod N,
where Ny is a determined value defined by the standard or configured by a central
control node, and Ns can be N,y p/4; and, Jro /)( ) is a determined frequency

hopping factor defined by the standard or configured by the central control node, and

Jhop(7) can be expressed by:

0 Ns =1
i10+9

0 D (k)2 " Imod Ns  Ns =2
fhop 1) =< \k=i10+1

1049
D (k)2 Imod(Ns —1)+1)mod Ns ~ Ns >2

k=i-10+1

where c(k) is a pseudorandom sequence defined by the standard.

Step 230: By the UE, a time-frequency domain resource for PSSCH transmission is
determined in the PSSCH resource pools associated with the PSCCH resource pools.
The number of times of PSSCH transmission by the UE is the same as that of the
PSCCH transmission, and a subframe for the i PSSCH transmission is the same as

that for the i PSCCH transmission.
If a PSSCH is transmitted for two times, a starting PRB position a/ for the first
PSSCH transmission is autonomously selected from the first associated PSCCH

transmission subframe by the UE, and a starting PRB position a2 for the second
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PSSCH transmission still can be autonomously selected from the second associated

PSCCH transmission subframe by the UE or determined by the following formula:

a2 = mod(al+| M5 /2 | pr 7S5 )
where M EsscH denotes the number of PRBs contained in PSSCH resources pools

in each subframe.

If a PSSCH is transmitted for four times, a starting PRB position b/ for the first
PSSCH transmission is acquired by a configuration signaling from an eNB or pre-
configuration signaling from an eNB, and starting PRB positions for the subsequent
three times of PSSCH transmission can be autonomously selected from the corre-

sponding subframes by the UE or determined by the following formula:
b, = mod(p,_, +(i—1)-| M "5 4 | pp 755

where 2 <ji< 4.

Step 240: By the UE, a PSCCH and a PSSCH are transmitted on the resources de-
termined in the steps 220 and 230.

Information carried in the PSCCH should at least contain a starting PRB position and
the number of PRBs for this PSSCH transmission. In addition, if the resources for
multiple times of PSCCH transmission are completely independent, the information
carried in the PSCCH should contain indication information indicating how many
times the PSCCH has been transmitted.

Now, this embodiment ends. By the method provided in this embodiment, a PSCCH
and a scheduled PSSCH can be transmitted in a same subframe. Ideally, a receiving
UE can decode both the PSCCH and the PSSCH simultaneously in a subframe, so it is
advantageous for the reduction of transmission delay of data. However, in a case where
the reliability is ensured by receiving the PSCCH for multiple times and decoding the
PSCCH by soft combination, a receiving UE needs to cache soft bit information of all
PSSCHs in corresponding subframes before successfully decoding the PSCCH, so that
the implementation complexity and cost of the UE are increased.

Embodiment 2:

In this embodiment, a UE determines PSCCH and PSSCH resource pools by
receiving an eNB signaling or by pre-configuration, and, in all cases, the UE transmits
a PSCCH and a PSSCH always in accordance with transmission mode 2. Specific im-
plementation steps are as follows.

Step 310: By a UE, PSCCH resource pools and its associated PSSCH resource pools
are determined.

In this embodiment, positions of subframes of the PSCCH and PSSCH resource
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pools can be indicated by a same bit map, and positions of PRBs of the PSCCH and
PSSCH resource pools on each subframe are not overlapped. In the time domain, the n
th PSCCH resource pool is associated with the (n+1)* PSSCH resource pool.

Preferably, the time length of the PSCCH and PSSCH resource pools should be less
than 50 ms.

Step 320: By the UE, PSCCH resources required by multiple times of PSCCH
transmission are determined in the PSCCH resource pools.

In this embodiment, each PSCCH can be transmitted for two times or four times, and
PSCCH resources for the multiple times of PSCCH transmission can be completely in-
dependent or be determined by a certain pre-defined resource pattern.

The UE autonomously selects, from the PSCCH resource pools, PSCCH resources
for multiple times of PSCCH transmission, or selects a resource pattern index #psccnn
associated with the PSCCH resources for multiple times of PSCCH transmission.

If a PSSCH is transmitted for two times, a way of determining, by the UE, positions
of PSCCH resources for the first PSCCH transmission and the second PSCCH
transmission through a resource pattern index is the same as the way of determining
resources for PSCCH transmission defined in the Rel-12/13.

If a PSCCH is transmitted for four times, positions of subframes for the four times of

transmission are determined by a TRP having an index value of /7zp=rpsccr2 in the

set of TRPs as defined in the Rel-12/13; and, for any one of the four subframes, a way
of determining an index of a PSCCH resource for PSCCH transmission is the same as
in the step 220.

Step 330: By the UE, a time-frequency domain resource for PSSCH transmission is
determined in the PSSCH resource pools associated with the PSCCH resource pools.

In this embodiment, the UE autonomously selects, from the associated PSSCH
resource pools, a time-frequency domain resource for PSSCH transmission.

Step 340: By the UE, a PSCCH and a PSSCH are transmitted on the resources de-
termined in the steps 220 and 230.

Information carried in the PSCCH should at least contain the position of a subframe
for transmitting the scheduled PSSCH each time, and the position of the PRB occupied

in each subframe. The two items indicate that the occupied number of bits is:
|_ N +1 bits, where Nppp denotes the
logZ T +(T+1)X10g2(NPRB)

number of PRBs contained in the current V2X communication bandwidth, and 7T is

equal to 2 or 4 and denotes the total number of times of PSSCH transmission.
Now, this embodiment ends. By the method provided in this embodiment, the

PSCCH is always transmitted prior to the scheduled PSSCH, a receiving UE can



WO 2017/171519 PCT/KR2017/003641

[125]
[126]

[127]

[128]

[129]

[130]

[131]

[132]

15

receive the PSSCH according to the scheduling information indicated by the PSCCH
after decoding the PSCCH, without caching all soft bits of the PSSCH, so that it is ad-
vantageous for the reduction of implementation complexity of the UE. However, the
transmission delay of data in this embodiment is large.

Embodiment 3:

In this embodiment, a UE determines PSCCH and PSSCH resource pools and subsets
of the PSCCH and/or PSSCH resource pools by receiving an eNB signaling or by pre-
configuration. The UE determines, in the PSSCH resource pools or the subset of
PSCCH resource pools, resources for PSCCH transmission according to the service
type. Specific implementation steps are as follows.

Step 410: By a UE, PSCCH resource pools and its associated PSSCH resource pools,
as well as a subset of PSCCH resource pools and a subset of its associated PSSCH
resource pools, are determined.

In this embodiment, positions of subframes of the PSCCH and PSSCH resource
pools can be indicated by a same bit map, and positions of PRBs of the PSCCH and
PSSCH resource pools on each subframe are not overlapped. In the time domain, a
PSCCH resource pool indicated by the current bit map is associated with a PSSCH as-
sociated resource pool indicated by the next bit map.

In this embodiment, the subset of PSCCH resource pools contains one or more
PSCCH patterns, where the PSCCH patterns are defined by the standard. Subframes
contained in the subset of PSSCH resource pools associated with the subset of PSCCH
resource pools are completely identical, and positions of PRBs are not overlapped, as
shown in Fig. 2.

The subset of PSCCH resource pools can be associated with a parameter Pr_max_C
configured by an eNB or pre-configured, and the UE determines, according to the
parameter Pr_max_C associated with the subset of resource pools and the current
transmitting power, that all resources in the subset of PSCCH resource pools can be
selected. The subset of PSSCH resource pools can be associated with a parameter
Pr_max_S configured by an eNB or preconfigured, and the UE determines, according
to the parameter Pr_max_S associated with the subset of resource pools and the current
transmitting power, that all resources in the subset of PSSCH resource pools can be
selected.

Step 420: By the UE, PSCCH resources required by one or multiple times of PSCCH
transmission are determined in the PSCCH resource pools or the subset of PSCCH
resource pools.

If data transmitted by the UE is of the service type 1, the UE uses transmission mode
1 (that is, a PSCCH and a scheduled PSSCH are transmitted in a same subframe), and

the UE selects PSCCH transmission resources in the subset of PSCCH resource pools.
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If only one PSCCH resource pattern is contained in the subset of PSCCH resource
pools, the UE selects resources associated with the pattern as PSCCH transmission
resources. If a multiple of PSCCH resource pool patterns are contained in the subset of
PSCCH resource pools, the UE can randomly select a PSCCH resource pattern, where
the index of the resource pattern is Npsceys -

If data transmitted by the UE is of service type 2, the UE uses transmission mode 2
(that is, a PSCCH is always transmitted prior to a scheduled PSSCH). If the power of
the UE in transmitting the PSCCH currently does not exceed Pr_max_C, the UE can
select PSCCH resources from the PSCCH resource pools. If the power of the UE in
transmitting the PSCCH currently exceeds Pr_max_C, the UE can select resources for
PSCCH transmission only from resources in the PSCCH resources other than the
subset of PSCCH resource pools. The UE can determine the power for transmitting the
PSCCH through an open-loop power control parameter configured by the eNB or its
own absolute velocity or more, and the specific way of determining the power for
transmitting the PSCCH is not limited in the present application. The UE can select an

index mpsccus 2 of aresource pattern associated with the PSCCH transmission

resources, according to one or more of the result of idle resource detection, its own
location and the random resource selection.

In the present application, the PSSCH can be transmitted for two times, and the way
of determining, by the UE, positions of PSCCH resources for the first PSCCH
transmission and the second PSCCH transmission through a resource pattern index is
the same as the way of determining resources for PSCCH transmission as defined in
the Rel-12/13.

In addition, in the present application, the PSCCH can be transmitted for four times,
positions of subframes for the four times of transmission are determined by a TRP

having an index value of [rrp=npsccys ;7 or ArsccH3 2 in a set of TRPs as defined

in the Rel-12/13; and for any one of the four subframes, an index of a PSCCH resource

for PSCCH transmission is determined by a relative position of /rrp in a set S, where

the set § is a set consisting of V., TRPs using the current subframe as a transmitting

subframe in the set of TRPs.
Specifically, the UE determines the position in the following ways:

1. a set § consisting of V_,.., TRPs using the current subframe as a transmitting

subframe is determined in the set of TRPs;
2. indexes of the TRPs in the set S are sequenced in an ascending order or a de-

~

scending order, and a relative sequence Roypp of Itgp in the set S is determined; and

~

3. an index Pyppp of a PSCCH resource for PSCCH transmission is determined



WO 2017/171519 PCT/KR2017/003641
17

based on the ﬁTRP and the determined frequency hopping factor defined by the

standard or configured by a central control node:

[140] ~ .

Rrrp = (nTRP + fhop (9) 'NS) mod N,

[141] where Ns is a determined value defined by the standard or configured by a central
control node, and Ns canbe N,pp/4; and, ﬁz Op( ) is a determined frequency
hopping factor defined by the standard or configured by the central control node, and
Jrop(i) can be expressed by:

142
2] 0 Ns=1
i10+9 .
D (k)2 Imod Ns - Ns =2
f hop (1' ) = < \k=i10+1
i10+9 .
D (k)= 21 Imod(Ns —1) +1)mod N Ns >2
fe=i-10+1
[143] where c(k) is a pseudorandom sequence defined by the standard.

[144] Step 430: By the UE, a time-frequency domain resource for PSSCH transmission is
determined in the PSSCH resource pools associated with the PSCCH resource pools or
the subset of PSSCH resource pools associated with the subset of PSCCH resource
pools.

[145] If the UE uses the transmission mode 1 currently, the number of times of PSSCH
transmission of the UE is the same as the number of times of PSCCH transmission, and
the PSSCH and the PSCCH scheduling this PSSCH are transmitted in a same
subframe.

[146] If the PSSCH is transmitted for two times, a starting PRB position a/ for the first
PSSCH transmission is acquired by a signaling configured by the eNB or by a pre-
configuration signaling, and a starting PRB position a2 for the second PSSCH
transmission is determined by the following formula:

U 0 = mod(at+ | ™57 12 | ag s )

[148] where g PsseH denotes the number of PRBs contained in PSSCH resources pools

in each subframe.

[149] If the PSSCH is transmitted for four times, a starting PRB position a/ for the first
PSSCH transmission is acquired by a signaling configured by the eNB or by a pre-
configuration signaling, and starting PRB positions of subsequent three times of

PSSCH transmission are determined by the following formula:
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o = modla_, +(i—1)-M75 74 | prrssary

where 2 <j< 4.

If the UE uses the transmission mode 2 currently, the UE autonomously selects
PSSCH resources from the PSSCH resource pools associated with the PSCCH
resource pools, and the UE can select PSSCH resources according to one or more of
the result of resource detection, its own location, a random resource selection
mechanism and other methods.

Step 440: By the UE, a PSCCH and a PSSCH are transmitted on the determined
resources.

In this embodiment, for the transmission mode 1, the position of a PRB transmitting
the PSSCH can be indicated by a signaling configured by the eNB or by pre-
configuration information.

If the UE uses the transmission mode 1 currently, the UE should use PSCCH format
1; and if the UE uses the transmission mode 2 currently, the UE should use PSCCH
format 2.

The PSCCH format 2 should at least contain information the same as in the step 340
of Embodiment 2.

As an implementation of the present application, the number of bits contained in the
PSCCH format 1 can be the same as that in the PSCCH format 2. In this case, the UE
using the transmission mode 1 needs to set a particular field in the PSCCH as a fixed
value. For example, bit fields indicated by the positions of subframes for each PSSCH
transmission are set as O or 1. Or, if the positions of PRBs of the PSSCH can be
indicated by a signaling configured by the eNB or by pre-configuration information,
bit fields indicated by all PSSCH time-frequency resources in the PSCCH can be set as
Oorl.

Or, the number of bits contained in the PSCCH format 1 can be different from that in
the PSCCH format 2. For example, the positions of PRBs of the PSSCH can be
indicated by a signaling configured by the eNB or by pre-configuration information. In
this case, the PSCCH may not contain bit fields indicating the positions of PRBs for
PSSCH transmission.

Now, this embodiment ends. This embodiment has the advantages of both Em-
bodiment 1 and Embodiment 2, a service having a higher requirement on the time
delay can perform data transmission in the transmission mode 1. The implementation
complexity of the receiving UE will not be increased significantly because the
probability of generating such a service is low in an actual V2X communication en-

vironment. For a service having a lower requirement on the time delay, data
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transmission can be performed in the transmission mode 2.

Embodiment 4:

In this embodiment, a UE determines PSCCH and PSSCH resource pools by
receiving an eNB signaling or by pre-configuration. Each PSCCH resource pool is as-
sociated with a unique PSSCH resource pool, while one PSSCH resource pool can be
associated with one or more PSCCH resource pools. The UE selects PSCCH resources
from the corresponding PSCCH resource pools according to one or more of the
transmission period, the result of channel detection, the priority of transmission
services and other information, and selects PSSCH resources from the PSSCH resource
pools associated with the PSCCH resource pools according to the result of channel
detection. Specific implementation steps are as follows.

Step 510: By a UE, PSCCH resource pools and associated PSSCH resource pools are
determined.

In accordance with an implementation of the present application (resource pool as-
sociation mode 1), any one of the PSCCH resource pools is associated with one
PSSCH resource pool; and vice versa. Positions of subframes of the PSCCH and
PSSCH resource pools can be indicated by a same bit map, and positions of PRBs of
the PSCCH and PSSCH resource pools on each subframe are not overlapped, as shown
in Fig. 3.

Preferably, a set of subframes can be uniquely determined by a bit map and an offset
value, wherein the offset value represents an offset of a starting point of the set of
subframes from a starting point of a V2X system frame. The UE determines the
position of the starting point of the V2X system frame by a synchronous source. The
bit map is associated to the successive subframes after the offset value for V2X com-
munication. The first bit (or lowest bit) of the bit map is associated to the starting point
of the set of subframes, and the bit map should be repeated for many times until one
V2X system frame period is occupied. If the length of the V2X system frame period is
not an integer multiple of that of the bit map, an excess portion of the last repeated bit
map over one V2X system frame period should be truncated, as shown in Fig. 4.

In accordance with another implementation of the present application (resource pool
association mode 2), there is a binding relationship between a multiple of PSCCH
resource pools, and a multiple of PSCCH resources pools in a binding relationship are
associated with a same PSCCH resource pool. The number of PSCCH resource pools
in a binding relationship can be 2 or greater than 2. For each PSCCH resource pool, the
set of subframes can be configured by the above method. In this case, the set of
subframes of the PSSCH resource pools is a union set of sets of subframes of a
multiple of PSCCH resource pools associated with the PSSCH resource pools.

Step 520: By the UE, PSCCH resources required by one or multiple times of PSCCH
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transmission are determined in the corresponding PSCCH resource pools.

For the resource pool association mode 1, the UE directly selects the PSCCH
resource pools determined in the step 510. For the resource pool association mode 2,
the UE selects a corresponding PSCCH resource pool according to the priority of the
transmission service. For example, if the pre-transmitted service has a priority higher
than a certain priority, a PSCCH resource pool A is selected; or otherwise, a PSCCH
resource pool B is selected, wherein the UE can determine a correspondence between
the service priority and the PSCCH resource pools by defining by the standard or con-
figuring by the eNB.

In the selected PSCCH resource pool, the UE semi-statically occupies the same
PSCCH resources by taking P as a transmission period.

Preferably, if a subframe n belongs to the PSCCH resource pool selected by the UE,
and a time interval between the subframe n and the generation time of the data pre-
transmitted by the UE is less than the maximum tolerable delay of the data, the UE
regards PSCCH resources Sc of the subframe n as available PSCCH resources when
the PSCCH resources Sc of the subframe n meet one of the following conditions:

the UE has transmitted a PSCCH on PSCCH resources Sc of a subframe n-P;

the UE detects that an average energy of PSCCH resources Sc on a subframe n-iP is
less than a pre-defined threshold, where i€ (0,a], and the value of a is defined by the
standard, for example, a=2; or,

a service transmitted by the UE is of a particular priority, where the particular
priority is defined by the standard. For example, if the service transmitted by the UE is
of the highest priority, the UE can select any PSCCH resource.

Preferably, if the service priority corresponding to the PSCCH resource pool of the
subframe # is higher than the priority of the service pre-transmitted by the UE, and a
time interval between the subframe n and the generation time of the data pre-
transmitted by the UE is less than the maximum tolerable delay of the data, the UE
regards PSCCH resources Sc of the subframe n as available PSCCH resources when
the PSCCH resources Sc of the subframe n meet one of the following conditions:

the UE detects that an average energy of PSCCH resources Sc on a subframe n-iP is
less than a pre-defined threshold, where i€ (0,a], and the value of a is defined by the
standard, for example, a=2; and, the transmitting power of the UE is less than a certain
threshold value defined by the standard.

Preferably, if the service priority corresponding to the PSCCH resource pool of the
subframe n is lower than the priority of the service pre-transmitted by the UE, and a
time interval between the subframe n and the generation time of the data pre-
transmitted by the UE is less than the maximum tolerable delay of the data, the UE can

use all PSCCH resources Sc of the subframe # as available PSCCH resources.
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If the UE has found a multiple of available PSCCH resources within the current
transmission period, the UE can randomly select a PSCCH resource from the available
PSCCH resources, or preferentially select a PSCCH resource having a latest time
position, or preferentially select a PSCCH resource having the lowest interference
level.

Preferably, the length of the transmission period is an integer multiple of the length
of the bit map used for configuring the set of subframes of the resource pool in the step
510.

Step 530: By the UE, a time-frequency domain resource for PSSCH transmission is
determined in the PSSCH resource pools associated with the PSCCH resource pools.

In this embodiment, the UE semi-statically occupies the same PSSCH resources by
taking P as a transmission period. Preferably, if a set Sd consisting of one or more
PRBs in a PSSCH resource pool of a subframe m meets one of the following
conditions, the UE regards Sd as available PSCCH resources:

the UE has transmitted a PSSCH on resources Sd in a PSSCH resource pool of a
subframe m-P; an interval between the subframe m and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data; and one or
more PRBs in the set Sd are not occupied by other UEs transmitting data having a high
priority;

or:

the UE has not transmitted a PSSCH on resources Sd in a PSSCH resource pool of a
subframe m-P; an interval between the subframe m and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data; one or more
PRBs in the set Sd are not occupied by other UEs transmitting data having a higher
priority; and the UE detects that the average energy of PSCCH resources Sd on a
subframe m-IP is less than a certain threshold, where le (0,b], and the value of b is
defined by the standard, for example, b=2;

or:

the UE has not transmitted a PSSCH on resources Sd in a PSSCH resource pool of a
subframe m-P; an interval between the subframe m and the generation time of data pre-
transmitted by the UE is less than a maximum tolerable delay of the data; one or more
PRBs in the set Sd are not occupied by other UEs transmitting data having a higher
priority; and when a part of or all of PRBs in the set Sd are scheduled by PSCCHs
transmitted by other UEs, the UE detects that the average power of one or more
PSCCHs scheduling the PRBs is less than a certain threshold;

or:

the UE detects that the average energy of PSSCH resources Sd on a subframe m-[P is
less than a certain threshold, where /e (0,b], and the value of b is defined by the
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standard, for example, b=2.

If the UE has found that a multiple of subframes have available PSSCH resources
within the current transmission period, and the available PSCCH resources are
sufficient to bear a data packet transmitted by the UE, the UE randomly selects a
PSSCH resource from the available PSSCH resources or preferentially selects a
PSSCH resource having a latest time position from the available PSSCH resources.

In addition, if the data transmitted by the UE has a priority higher than a certain
priority defined by the standard, to leave a UE transmitting a service of low priority
enough time to decode the PSCCH transmitted by the UE, the time interval between
the PSCCH transmitted by the UE and the scheduled PSSCH should be greater than a
certain particular value defined by the standard, for example, greater than 2.

Step 540: By the UE, a PSCCH and a PSSCH are transmitted on the determined
resources.

The PSCCH should contain one or more of the following information fields:

1. the position of a subframe of the scheduled PSSCH;

2. the position of a PRB occupied by the scheduled PSSCH;

3. the modulation coding mode of the scheduled PSSCH;

4. an ID of a transmitting UE;

5. an index of a transmitting TB;

6. the number of times of transmission by the current TB; and

7. the priority of a service borne in the PSSCH,

wherein the position of the subframe of the scheduled PSSCH can be in a subframe
the same as or different from the PSCCH; the transmission mode 1 is used in the
former case, or the transmission mode 2 is used in the latter case. The index of the
transmitting TB is used for distinguishing between different transmitting TBs, and the
number of times of transmission by the current TB is used for indicating that this
scheduled PSSCH is for which time of transmission by the current TB.

Now, this embodiment ends. In this embodiment, services of different priorities can
share a same PSCCH resource pool to avoid wasting the PSCCH resources, or services
of a high priority occupy separated PSCCH resource pools to avoid the influence on
services of a high priority by services of a low priority. When services of different
priorities share a same PSSCH resource pool, a UE transmitting services of a high
priority indicate the position of the occupied PSSCH through a PSCCH, while a UE
transmitting services of a low priority should avoid selecting the PSSCH resources
scheduled by the PSCCH after detecting the PSCCH. In this way, the waste of
resources in the PSCCH resource pools and PSSCH resource pools can be avoided, and
the transmission of services of a high priority can be protected.

Embodiment 5:
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In this embodiment, a PSCCH and a scheduled PSSCH can be transmitted in a same
subframe, and in this case, frequency-domain resources for the both must be
continuous. This mode is called transmission mode 1. The PSCCH and the scheduled
PSSCH can also be transmitted in different subframes. This mode is called
transmission mode 2. A UE determines PSCCH and PSSCH resource pools by
receiving an eNB signaling or by pre-configuration. Each PSCCH resource pool is as-
sociated with a unique PSSCH resource pool. The UE needs to further determine a
transmission mode supported by the current PSCCH resource pool and the associated
PSSCH resource pool. However, one PSSCH resource pool can be associated with one
or more PSCCH resource pools. The UE selects PSCCH resources from the corre-
sponding PSCCH resource pools according to one or more of the transmission period,
the result of channel detection, the priority of transmission services and other in-
formation, and selects PSSCH resources from the PSSCH resource pools associated
with the PSCCH resource pools according to the result of channel detection. Specific
implementation steps are as follows.

Step 610: By a UE, PSCCH resource pools and associated PSSCH resource pools are
determined.

In this embodiment, there is a binding relationship between a multiple of PSCCH
resource pools, and a multiple of PSCCH resources pools in a binding relationship are
associated with a same PSSCH resource pool. The number of PSCCH resource pools
in a binding relationship can be 2 or greater than 2. For each PSCCH resource pool and
the associated PSSCH resource pool, if the transmission mode 1 is supported, and a set
of subframes of the PSCCH resource pool is the same as that of the associated PSSCH
resource pool and can be configured by the subframe set configuration method as
described in the resource pool association mode 1 in Embodiment 4. PRBs contained
in sets of PRBs of the two resource pools are continuous in the frequency domain, and
the union set of the two sets of PRBs can contain two sections of continuous PRBs,

where Ny (i.e., Ngyq at two ends) PRBs having the highest index value and Ngy4
PRBs having the lowest index value belong to the PSCCH resource pool, where Ny

is the number of PRBs for one SA transmission defined by the standard, for example,
Ng4q4=2 ,as shown in Fig. 6.

If there is a binding relationship between a PSCCH resource pool C/ and another
PSCCH resource pool C2, and the C2 and a PSSCH resource pool $2 associated with
the C2 support transmission mode 1, a set of subframes of a PSSCH resource pool S/
associated with the C/ can be a union set of the set of subframes of the C/ and the set
of subframes of the C2. And, a set of PRBs of the S/ should be a superset of a set of
PRBs of the S2.
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Step 620: By the UE, PSCCH resources required by one or multiple times of PSCCH
transmission are determined in the corresponding PSCCH resource pools.

In this embodiment, the UE can select PSCCH resources from the PSCCH resource
pools, according to the result of channel detection, or according to the positions of the
selected PSSCH resources (this step should be prior to step 630 in this case), or
randomly.

Step 630: By the UE, a time-frequency domain resource for PSSCH transmission is
determined in the PSSCH resource pools associated with the PSCCH resource pools.

In this embodiment, a method for selecting PSSCH resources by the UE is the same
as that in the step 530 in Embodiment 4.

Step 640: By the UE, a PSCCH and a PSSCH are transmitted on the determined
resources.

If the current PSCCH and the associated PSSCH support transmission mode 1, the
PSCCH should contain one or more of the following information fields:

1. the number of PRBs occupied by the scheduled PSSCH;

Npssch
the modulation coding mode of the scheduled PSSCH;
an ID of a transmitting UE;

2.

3.

4. an index of a transmitting TB;

5. the number of times of transmission by the current TB; and
6. the priority of a service borne in the PSSCH.

If an index i54 of a PRB for transmitting the PSCCH is less than indexes of all PRBs
in the PRB set of the associated PSSCH resource pool, indexes of Npggeyy PRBS for

transmitting the scheduled PSSCH are i +/, is4+2, ..., isa+Npsscm , 1€-
spectively. In contrast, if the index /sy of the PRB for transmitting the PSCCH is

greater than indexes of all PRBs in the set of PRBs in the associated PSSCH resource
pool , indexes of Npsscp PRBs for transmitting the scheduled PSSCH are

isa-1, isq4-2, ..., is4-Npsscy - respectively.

If the current PSCCH and the associated PSSCH support transmission mode 2, the
PSCCH should contain one or more of the following information fields:
1. the position of a subframe of the scheduled PSSCH;
. the position of a PRB occupied by the scheduled PSSCH;
. the modulation coding mode of the scheduled PSSCH;
. an ID of a transmitting UE;

. an index of a transmitting TB;

AN B W

. the number of times of transmission by the current TB; and

the priority of a service borne in the PSSCH,
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Now, this embodiment ends. In this embodiment, if the PSCCH resource pool and
the associated PSSCH resource pool support transmission mode 1, PRB(s) for
transmitting the PSCCH and PRB(s) for transmitting the PSSCH are required to be
continuous in the frequency domain, so that it is likely to result in the fragmentization
of frequency-domain resources. By sharing PSSCH resource pools with the PSCCH
resource pools supporting the transmission mode 2, this problem can be effectively
avoided.

The present application further provides an apparatus for transmitting a control
channel and a data channel in V2X communication. The composition structure of the
apparatus is as shown in Fig. 7, comprising: a resource determination module and an
information transmission module, wherein:

the resource determination module is configured to determine a PSCCH transmission
resource and an associated PSSCH transmission resource; and

the information transmission module is configured to transmit corresponding in-
formation on the determined PSCCH transmission resource and PSSCH transmission
resource.

It can be understood by a person of ordinary skill in the art that all of or a part of
steps in the embodiment methods can be implemented by instructing related hardware
by programs. The programs can be stored in a computer-readable storage medium, and,
when executed, include one or a combination of the steps of the method embodiments.

In addition, each functional unit in each embodiment of the present application can
be integrated into a processing module; or, each unit can exist alone physically; or, two
or more units can be integrated into one module. The integrated module can be im-
plemented in the form of hardware, or can be implemented in the form of a software
functional module. If the integrated module is implemented in the form of a software
functional module and sold or used as an independent product, the integrated module
can also be stored in a computer-readable storage medium.

The storage medium can be a read-only memory, a magnetic disk, an optical disk,
etc.

The forgoing description merely shows preferred embodiments of the present ap-
plication and is not intended to limit the present application. Any modification,
equivalent replacement or improvement made within the spirit and principle of the

present application shall fall into the protection scope of the present application.
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Claims

A method for transmitting a control channel and a data channel in
Vehicle to Vehicle/Pedestrian/Infrastructure/Network (V2X) commu-
nication, characterized in that, comprising the following steps of:
determining, by a UE, a set of resources for Physical Sidelink Control
Channel (PSCCH) transmission and a set of associated Physical
Sidelink Shared Channel (PSSCH) resources , wherein the set of as-
sociated PSSCH resources is a set of resources for PSSCH
transmission;

determining, by the UE and in the set of resources for PSCCH
transmission, a PSCCH time-frequency domain resource for PSCCH
transmission;

determining, by the UE and in the set of PSSCH resources associated
with the set of resources for PSCCH transmission, a PSSCH time-
frequency domain resource for PSSCH transmission; and

transmitting, by the UE, corresponding information on the determined
PSCCH time-frequency domain resource and PSSCH time-frequency
domain resource.

The method according to claim 1, characterized in that:

the set of resources for PSCCH transmission is all resources in PSCCH
resource pools, and the set of PSSCH resources associated with the set
of resources for PSCCH transmission is all resources in PSSCH
resource pools associated with the PSCCH resource pools.

The method according to claim 1, characterized in that:

the set of resources for PSCCH transmission is a subset of PSCCH
resource pools, and the set of PSSCH resources associated with the set
of resources for PSCCH transmission is a subset of PSSCH resource
pools; and, subframes contained in the subset of PSCCH resource pools
are completely identical with subframes contained in the subset of
PSSCH resource pools, and positions of PRBs are not overlapped.
The method according to claim 1, characterized in that the UE de-
termines the set of PSSCH resources associated with a multiple of
PSCCH resource pools according to the multiple of PSCCH resource
pools in a binding relationship with a current PSCCH resource pool, the
multiple of PSCCH resource pools in a binding relationship are as-
sociated with a same PSSCH resource pool, and a set of subframes of

the PSSCH resource pool is a union set of sets of subframes of the
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multiple of PSCCH resource pools associated with the PSSCH resource
pool.

The method according to claim 4, characterized in that:

a set of subframes of the resource pools is uniquely determined by a bit
map and an offset value, wherein the offset value represents an offset of
a starting point of the set of subframes from a starting point of a V2X
system frame.

The method according to claim 5, characterized in that, the bit map is
associated to the successive subframes after the offset value for V2X
communication; the first bit of the bit map is associated to the starting
point of the set of subframes; the bit map should be repeated for many
times until one V2X system frame period is occupied; and, if the length
of the V2X system frame period is not an integer multiple of that of the
bit map, an excess portion of the last repeated bit map over one V2X
system frame period should be truncated.

The method according to claim 1, characterized in that:

if there is a binding relationship between a PSCCH resource pool C/
and another PSCCH resource pool C2, and the C2 and a PSSCH
resource pool S2 associated with the C2 support transmission mode 1, a
set of subframes of a PSSCH resource pool S1 associated with the C1 is
a union set of the set of subframes of the C/ and the set of subframes of
the C2; and a set of PRBs of the S/ should be a superset of a set of
PRBs of the S2.

The method according to claim 1, characterized in that the transmitting,
by the UE, corresponding information on the determined PSCCH time-
frequency domain resource and PSSCH time-frequency domain
resource comprises:

transmitting, by the UE, a PSCCH, and a PSSCH scheduled by the
PSCCH in a same subframe;

or, transmitting, by the UE, a PSCCH before transmitting a PSSCH
scheduled by the PSCCH.

The method according to claim 1, characterized in that the determining,
by the UE and in the set of resources for PSCCH transmission, a
PSCCH time-frequency domain resource required by PSCCH
transmission comprises:

deciding, by the UE, whether there is a multiple of available PSCCH
resources within a current transmission period; if so, by the UE,

randomly selecting a PSCCH resource from the multiple of available
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PSCCH resources, or preferentially selecting, from the multiple of
available PSCCH resources, a PSCCH resource having a latest time
position, or preferentially selecting, from the multiple of available
PSCCH resources, a PSCCH resource having a lowest interference
level;

wherein the set of resources for PSCCH transmission is all resources in
PSCCH resource pools; and, if a subframe n belongs to a PSCCH
resource pool selected by the UE, and an interval between the subframe
n and the generation time of data pre-transmitted by the UE is less than
a maximum tolerable delay of the data, the UE determines PSCCH
resources Sc of the subframe »n as available PSCCH resources when the
PSCCH resources Sc of the subframe n meet one of the following
conditions:

the UE has transmitted a PSCCH on PSCCH resources Sc of a
subframe n-P;

the UE detects that an average energy of PSCCH resources Sc on a
subframe n-iP is less than a pre-defined threshold, where i€ (0,a]; and
a service transmitted by the UE is of a particular priority;

where P is a transmission period of the UE, and a is a particular value.
The method according to claim 1, characterized in that the determining,
by the UE and in a set of PSSCH resources associated with the set of
resources for PSCCH transmission, a PSSCH time-frequency domain
resource for PSSCH transmission comprises:

the set of resources for PSSCH transmission is all resources in PSSCH
resource pools;

if a set Sd consisting of one or more PRBs in a PSSCH resource pool of
a subframe m meets one of the following conditions, the UE regards the
set Sd as available PSCCH resources:

the UE has transmitted a PSSCH on resources Sd in a PSSCH resource
pool of a subframe m-P; an interval between the subframe m and the
generation time of data pre-transmitted by the UE is less than a
maximum tolerable delay of the data; and one or more PRBs in the set
Sd are not occupied by other UEs transmitting data having a priority
higher than a particular priority;

the UE has not transmitted a PSSCH on resources Sd in a PSSCH
resource pool of a subframe m-P; an interval between the subframe m
and the generation time of data pre-transmitted by the UE is less than a

maximum tolerable delay of the data; one or more PRBs in the set Sd
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are not occupied by other UEs transmitting data having a higher
priority; and the UE detects that the average energy of PSCCH
resources Sd on a subframe m-/P is less than a pre-defined threshold,
where [e (O,b];

the UE has not transmitted a PSSCH on resources Sd in a PSSCH
resource pool of a subframe m-P; an interval between the subframe m
and the generation time of data pre-transmitted by the UE is less than a
maximum tolerable delay of the data; one or more PRBs in the set Sd
are not occupied by other UEs transmitting data having a higher
priority; and when a part of or all of PRBs in the set Sd are scheduled
by PSCCHs transmitted by other UEs, the UE detects that the average
power of one or more PSCCHs scheduling the PRBs is less than a pre-
defined threshold;

the UE detects that the average energy of PSSCH resources Sd on a
subframe m-[P is less than a pre-defined threshold, where /e (0,b]; and
if the UE has found that a multiple of subframes have available PSSCH
resources within the current transmission period, and the available
PSCCH resources are sufficient to bear a data packet transmitted by the
UE, the UE randomly selects a PSSCH resource from the available
PSSCH resources or preferentially selects a PSSCH resource having a
latest time position from the available PSSCH resources;

where b is a particular value.

The method according to claim 1, characterized in that, if the data
transmitted by the UE has a priority higher than a pre-defined priority,
a time interval between the PSCCH time-frequency domain resource
for PSCCH transmission and the PSSCH time-frequency domain
resource for PSSCH transmission scheduled by the PSCCH, which are
both determined by the UE, should be greater than a pre-defined value.
The method according to claim 1, characterized in that:

if an index /sy of a PRB for transmitting the PSCCH is less than

indexes of all PRBs in the PRB set of the associated PSSCH resource
pool, indexes of Npsgcry PRBs for transmitting the scheduled PSSCH

are isqyt /1, isqat2, ..., isqatNpsscy ,respectively; and, if the
index jgy of the PRB for transmitting the PSCCH is greater than

indexes of all PRBs in the set of PRBs in the associated PSSCH
resource pool, indexes of Npsscyy PRBs for transmitting the
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scheduled PSSCH are isq-1, isq-2, .. respectively.

- Is4=NpsscH -
An apparatus for transmitting a control channel and a data channel in
V2X communication, characterized in that, comprising a resource de-
termination module and an information transmission module;

the resource determination module is configured to determine a PSCCH
transmission resource and an associated PSSCH transmission resource;
and

the information transmission module is configured to transmit corre-
sponding information on the determined PSCCH transmission resource

and PSSCH transmission resource.
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[Fig. 1]

Determine, by a UE, resource pools for a PSCCH and a PSSCH ~110

Y

Determine, by the UE and in PSCCH resource pools or a subset of PSCCH
resource pools, PSCCH resources required by one or more times of PSCCH ~120
transmission

Y

Determine, by the UE and in PSSCH resource pools corresponding to the
PSCCH resource pools or a subset of PSSCH resource pools correponding to
the subset of PSCCH resource poals, time-frequency domain resources for
PSSCH transmission

~_130

Transmit, by the UE, the PSCCH and the PSSCH on the determined resources ~—140




PCT/KR2017/003641

2/6

WO 2017/171519

[Fig. 2]

31000 99IN0S3J H98Sd 1000 32088 HISSd |00d 92.n083J HISSd
— CECTS

J0 19S0NS B Ul $39In0S3Y o [1+U) 8} U1 5304n0S3Y U 9U} LI $39In033Y

Sj000 92IN0S3 HI9Sd |000 9210531 H)7Sd |000 92.n0S8J H)9Sd
B Ee

10 19S0NS B Ul $82.N0S3Y o (141 83 U $391n0s3Y U 8U} U1 $39In0s3Y

RRKRLELLS
SRELLELS

2SS
5%

XX
%
KR

S
KX
2555

(X2
%
Q&L

S
N
55

RS
oo
198

S
)
%




PCT/KR2017/003641

WO 2017/171519

3/6

[Fig. 3]

|ood
33.n0831 HJSSd

[ood
93In0sal HJJSd

| 0 I 0 0 | | 0 I

dew g



PCT/KR2017/003641

WO 2017/171519

)
~
allie.} WaIsAs XZA el WIISAS XZA
au} J0 uiod Bun.teis dew 98U Jo ujod Buiels
ng ey ul |
L J9SH0 > L J9SH0
R | PEIEE PR T
ey _r A v A \p J
wma lonJod psieaunit Sdew 1iq paleaday dew g




PCT/KR2017/003641

5/6

WO 2017/171519

[Fig. 5]

¢ [00d 331n0Sal HJISd 8u)
pue | |ood 89in0sal

H99Sd 9y} Ulm palelaosse
[00d 891n0S8. HISSd

¢ [00d 32Jnossal
HJJSd

| 1000 89.n0s3)
HJJSd

5
o
S
0,
55
uunn Z [00d 92.n0S3!
% 2 H)JSd 8u} pue | jood
7 92.n0S31 HY9Sd
; 3l Uum pajeroosse
}0 0 0 ¥+ 0 0 + 0 L 0 0O L Vb 0 I lood 90.n0s3)
. HISSd 8u3 Jo dew 118

Z |00d 321n0S3)
ﬁ HJ3Sd U} Jo dew g

| [00d 32.n0S3)
HOSSd au3 Jo dew yg



WO 2017/171519 PCT/KR2017/003641

6/6
[Fig. 6]
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