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Description
Title of Invention: METHOD, BASE STATION, AND USER
EQUIPMENT FOR TRANSMITTING AND DETECTING A

RANDOM ACCESS RESPONSE
Technical Field

The present disclosure relates to wireless communication technology, in particular to
a method, a base station, and use equipment (UE) for transmitting and detecting a

random access response.

Background Art

To meet the demand for wireless data traffic having increased since deployment of
4G (4h-Generation) communication systems, efforts have been made to develop an
improved 5G (5*-Generation) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a ‘beyond 4G network' or a 'post LTE
system'.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase the transmission distance,
the beamforming, massive multiple-inputmultiple-output (MIMO), fulldimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, hybrid FSK and QAM modulation (FQAM) and sliding window
superpositioncoding (SWSC) as an advanced coding modulation (ACM), and filter
bank multicarrier (FBMC), non-orthogonal multipleaccess (NOMA), and sparse code
multipleaccess (SCMA) as an advanced access technology have been developed.

Random Access (RA) process is an important step for establishing a communication
link between the user side and the network side in a wireless communication system.
RA is used to establish uplink synchronization between a UE and a base station, and is
also used by the base station to assign an identification (ID) for the UE.

The performance of a random access directly affects the user's experience. In con-
ventional wireless communication systems, suchas LTE and LTE-Advanced, the

random access procedure is applied to a plurality of scenes suchas establishing an
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initial link, a cell handover, re-establishing an uplink, re-establishing an RRC
connection, and the like. And according to whether the user monopolizes the preamble
resources, the random accesses are typified into Contention-based Random Access and
Contention-free Random Access. As for the Contention-based Random Access, in the
process of each user's attempting to establish the uplink, if a preamble is selected from
the same preamble resources, there may be multipleusers selecting the same preamble
to transmit to the base station, so the conflict resolution mechanism is an important
research direction in random access. How to reduce the probability of conflict and how
to quicklyresolve the conflicts occurred, are the key indicators to effect random access
performance.

Disclosure of Invention

Technical Problem

Contention-based random access process in LTE-A is divided into four steps, as
shown in Figure 1. In the first step (101), a preamble is selected from the preamble
resource pool by the user randomly and transmitted to a base station. The base station
performs the correlation detecting for the receiving signals to identify the preamble
transmitted by the user. In the second step (102), the base station transmits a random
access response (RAR) to the user, which contains a random access preamble
identifier, a timing advance instruction determined according to the time delay between
the user and the base station, Cell-Radio Network Temporary Identifier (C-RNTI), and
the time-frequency resources assigned for the next uplink transmission of the user. In
the third step (103), a third message (Msg3) is transmitted by the user to the base
station according to the information in the RAR. Msg3 contains information suchas a
user terminal identifier and a RRC link request, wherein, the user terminal identifier is
unique to the user to resolve the conflict. In the fourth step (104), the base station
transmits a collision resolution identifier to the user, which includes the user terminal
identifier of the user who wins in the conflict. After the user terminal identifier is
detected outby the user, the temporary C-RNTT is upgraded to a C-RNTI and an ACK
signal is transmitted to the base station by the user to complete the random access
procedure, and then the user waits for the scheduling of the base station. Otherwise, the
user will start a new random access process after a delay.

For a contention-free based random access procedure, a preamble may be assigned
for the user because the base station has known the user identifier. So the user does not
need to select the sequence randomly when transmitting the preamble, butuses the
assigned preamble. After detecting the assigned preamble, the base station transmits a
corresponding random access response, including timing advance and uplink resource

assignment and so on. After receiving the random access response, the user considers
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that the uplink synchronization has been completed and waits for furtherscheduling of
the base station. Thus, the contention-free random access procedure consists of only
two steps: the first step is to transmit a preamble; the second step is the transmission of

the random access response.
In LTE, the length of a detection window for detecting a random access response is

configured by the high layer signaling, starting at the subframethat contains the end of
a preamble transmission plus three subframes, the RA-RNTI corresponding to the
time-frequency resources usedfor transmitting the preamble is used to monitor the
physical downlink control channel in the random access response detection window
configured by the high layer signaling.

Figure 2 shows the monitoring pattern of a random access response in LTE. The
physical downlink control channel is monitored in the random access response
detection window configured by the high layer signaling, starting from the third
subframe(202) after the subframe for completing the transmission of the preamble
(201). Figure 2 shows a case that the length of a random access response detection
window (203) is configured as three subframes.

In the 5G, because a multi-beam operation is adopted by the high frequency section,
and it is needed to distinguish between the terminal with the beam correspondence and
the terminal without the beam correspondence in the network, so the detection mode of
a random access response also is need to adjust according to the requirement to adapt
the terminals with different abilities.

The purposeof the present disclosure isrelates to overcome the defects of the prior
art, and to provide a method for detecting and transmitting a random access response,
in order to support the terminal with beam correspondence and the terminal without
beam correspondence at the same time in the cell.

Solution to Problem

In order to achieve the purpose,tThe present disclosure provides a method for
detecting a random access response, which includes the following steps:

obtaining, configuration information of a random access channel;, wherein the con-
figuration information comprisesing configurationfirst information for config-
uringabout a random access response detection window for a first type of UE and con-
figurationsecond information for configuringabout a random access response detection
window for a second type of UE; wherein the first type of UE has beam corre-
spondence, and the second type of UE does not have the beam correspondence;

detecting the random access response according to its beam correspondence and con-
figuration of a random access response detection window corresponding to its beam

correspondence after transmitting a preamble.
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Preferably, the configuration information for configuringabout the random access
response detection window for athe first type of UE with the beam correspondence
comprises: at least one of information of thea length of the random access response
detection window, and/or information of thea start position of the random access
response detection window;

the configuration information for configuringabout the random access response
detection window for athe second type of UE without the beam correspondence
comprises: at least one of information of thea length of the random access response
detection window, and/or information of thea start position of the random access
response detection window.

Preferably, the configuration information for configuringabout the random access
response detection window for athe second type of UE comprises:

information of the start position and information of the length of each random access
response detection window corresponding to each random access channel resource in a
random access channel resource set.

Preferably, the information of the start position of the random access response
detection window comprises: information of the start position of a random access
response detection window corresponding to the first random access channel resource
in the random access channel resource set and gap between two adjacent random
access response detection windows.

Preferably, detecting the random access response according to its beam corre-
spondence and the configuration of the random access response detection window
comprises:

detecting, by the UE having the beam correspondence, the random access response
according to the configuration of the random access response detection window of the
first type of UE after transmitting the preamble; or

detecting, by the UE without the beam correspondence, the random access response
according to the configuration of the random access response detection window of the
second type of UE after the last random access channel resource in the random access
channel resource set;

wherein, the random access channel resource set comprises one or more random
access channel resources.

Preferably, when the UE transmitting the preamble does not have the beam corre-
spondence, the method for detecting the random access response comprises:

determining, by the UE, a random access response detection window according to the
configuration of the random access response detection window after every random
access channel resource in the random access channel resource set; and

detecting and receiving the random access response according to the random access



WO 2019/031671 PCT/KR2018/002262

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

response-radio network temporary identification (RA-RNTI) corresponding to the one
or more random access channel resources usedfor transmitting the preamble.

Preferably, detecting and receiving the random access response according to the RA-
RNTI corresponding to the one or more random access channel resources used for
transmitting the preamble comprises:

terminating detecting and receiving the random access response, when the random
access response is detected and received successfully according to the RA-RNTI corre-
sponding to a random access channel resource in the random access channel resources
usedfor transmitting the preamble.

Preferably, the random access response is detected and received successfully when a
downlink control channel is detected and decoded successfully according to the RA-
RNTI, the downlink resource assignment indicated by the downlink control channel is
decoded successfully, and a preamble identifier matched with the transmitted preamble
is detected in the random access response carried in time-frequency resource indicated
by the downlink resource assignment in the downlink control channel.

Preferably, detecting and receiving the random access response according to the RA-
RNTI corresponding to the one or more random access channel resources used for
transmitting the preamble comprises:

detecting and receiving the random access response according to the RA-RNTI corre-
sponding to all the random access channel resources used for transmitting the
preamble.

Preferably, the method for detecting the random access response by the second type
of UE comprises:

detecting and receiving the random access response in the random access response
detection window corresponding to each random access channel resource used for
transmitting the preamble according to the RA-RNTI responding to the random access
channel resource, after every random access channel resource in the random access
channel resource set..

Preferably, the method for detecting the random access response by the second type
of UE comprises:

terminating detecting and receiving the random access response, when the random
access response is detected and received successfully in a random access response
detection window corresponding to a random access channel resource in the random
access channel resources used for transmitting the preamble according to the RA-RNTI
corresponding to the random access channel resource.

Preferably, the method for detecting the random access response by the second type
of UE comprises:

detecting in a random access response detection window corresponding to a random
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access channel resource in the random access channel resource set usedfor transmitting
the preamble according to the RA-RNTI of the random access channel resource.

Preferably, the method for detecting the random access response by the second type
of UE comprises:

determining the procedure of receiving the random access response fails, when no
random access response is successfullyreceived in any random access response
detection window corresponding to all the random access channels in the random
access channel resource set used for transmitting the preamble according to the RA-
RNTIs of the random access channels.

Preferably, the method for detecting the random access response by the second type
of UE comprises:

detecting, by the second type of UE, the random access response; and

if a plurality of random access responses are detected in the corresponding random
access response detection windows, determining the message 3 priorities of the
multiple random access responses according to received energy indexes in the plurality
of random access responses.

Preferably, the method for detecting the random access response by the second type
of UE comprises:

detecting, by the second type of UE, the random access response; and

if multiple timing advances and uplink grant are detected in the random access
response, determining the message 3 priorities of the plurality of timing advances and
uplink grant according to the received power indexes in the random access response.

In order to achieve the purpose,the present disclosure provides a method for
transmitting a random access response, which includes the following steps:

transmitting configuration information of a random access channel; wherein the con-
figuration information comprises configuration information for configuring a random
access response detection window for a first type of UE and configuration information
for configuring a random access response detection window for a second type of UE;
wherein the first type UE has beam correspondence, and the second type UE does not
have the beam correspondence;

transmitting a random access response according to random access channel
resources, a preamble detected and configuration of the random access response
detection window, after detecting the transmission of the preamble.

Preferably, the configuration information for configuring the random access response
detection window for the first type of UE comprises: information of the length of the
random access response detection window, and/or information of the start position of
the random access response detection window; and

the configuration information for configuring the random access response detection
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window for the second type of UE comprises: information of the length of the random
access response detection window, and / or information of the start position of the
random access response detection window.

Preferably, the configuration information for configuring the random access response
detection window for the second type of UE comprises:

information of the start position and information of the length of each random access
response detection window corresponding to each random access channel resource in
the random access channel resource set.

Preferably, the information of the start position of the random access response
detection window comprises: information of the start position of a random access
response detection window corresponding to the first random access channel resource
in the random access channel resource set and gap between two adjacent random
access response detection windows.

Preferably, transmitting the random access response according to random access
channel resources, the detected preamble and the configuration of the random access
response detection window comprises:

determining the capability of the beam correspondence of a transmitting UE based on
the detected time-frequency resource for transmitting the preamble and/or the detected
preamble; and

transmitting the random access response according to the configuration of the corre-
sponding random access response detection window.

Preferably, transmitting the random access response comprises:

transmitting the random access response in the random access response detection
window after detecting the preamble if a preamble is detected on a first type of random
access channel resources which are used for the first type UE to transmit the preamble;

transmitting the random access response in the random access response detection
window after the random access channel resource set if the transmission of the
preamble is detected on a second type of random access channel resources which are
used for the second type UE to transmit the preamble.

Preferably, transmitting the random access response comprises:

transmitting the random access response in the random access response detection
window after the preamble is detected, if the transmission of the preamble for the first
type UE is detected; and

transmitting the random access response in the random access response detection
window after the random access channel resource set if the transmission of the
preamble for the second type UE is detected.

Preferably, transmitting the random access response comprises: selecting a random

access channel resource with the strongest correlation detection and transmitting the
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random access response in a random access response detection window corresponding
to the random access channel resource, if a preamble is detected on the second type of
random access channel resources used for the second type of UE to transmit the
preamble, or if the transmission of the preamble for the second type UE is detected, or
if a same preamble is detected on a plurality of random access channel resources in the
same random access channel resource set.

Preferably, transmitting the random access response comprises: sorting and num-
beringthe random access channel resources in which same preambles are detected
according to energies of correlation detection, and transmitting corresponding index in-
formation in the corresponding random access response, if a preamble is detected on
the second type of random access channel resources used for the second type of UE to
transmit the preamble, or if the transmission of the preamble for the second type UE is
detected, or if a same preamble is detected on a plurality of random access channel
resources in the same random access channel resource set.

Preferably, transmitting the random access response comprises: selecting a random
access channel resource with the strongest correlation detection and transmitting the
random access response in a random access response detection window corresponding
to the random access response if the transmission of the same preamble is detected in
different directions of the receiving beam on a same random access channel resource. .

Preferably, transmitting the random access response comprises: sorting and num-
beringthe random access channel resources in which same preambles are detected
according to energies of correlation detection, and transmitting corresponding index in-
formation in the corresponding random access response if the transmission of the same
preamble is detected in different directions of the receiving beam on a same random
access channel resource.

In order to achieve the purpose,the present disclosure provides a device for detecting
random access response, which includes the following processing modules:

a random access channel configuration information acquisition module is to obtain
configuration information of a random access channel; wherein, the configuration in-
formation of the random access channel comprises configuration information for con-
figuring a random access response detection window for a first type of UE and con-
figuration information for configuring a random access response detection window for
a second type of UE; wherein, the first type of UE has beam correspondence, and the
second type of UE does not have the beam correspondence;. and

a random access response detecting module is to detect a random access response
according to its beam correspondence and configurationof the random access response
detection window after transmitting a preamble.

In order to achieve the purpose,the present disclosure provides a device for
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transmitting random access response, which includes the following processing
modules:
a random access channel configuration information transmitting module is to

transmit configuration information of a random access channel, wherein the con-
figuration information of the random access channel comprises configuration in-
formation for configuring a random access response detection window for a first type
of UE and configuration information for configuring a random access response
detection window for a second type of UE;

a random access response transmitting module is to transmit a random access
response according to the random access channel resources, a preamble detected and
configuration of the random access response detection window, after detecting the
transmission of the preamble.

Compared with the prior art, the present disclosure has the technical effects including
butnot limited to: supporting the terminal with the beam correspondence and the
terminal without the beam correspondence to detect the random access response at the
same time, the waste of resources caused by traditional way and mismatching of
transmitting / detecting means is avoided, and the runningefficiency of the whole
system is improved.

Brief Description of Drawings

To describe the technical solutions in the embodiments of the present disclosure
more clearly, the following the accompanying drawings required for describing the
embodiments is introduced briefly. Apparently, the accompanying drawings in the
following description show merely some embodiments of the present disclosure, and
those skilled in the art may still derive other drawings from these accompanying
drawings without creative efforts.

Figure 1 is a schematic diagram illustrating a flow of traditional contention-based
random access;

Figure 2 is a schematic diagram illustrating the monitoring way of a random access
response in the LTE;

Figure 3 is a flow chart of a method for detecting a random access response of the
present disclosure;

Figure 4 is a flow chart of a method for transmitting a random access response of the
present disclosure;

Figure 5 is the division way of random access channel resources according to em-
bodiment one of the present disclosure;

Figure 6 is a schematic diagram illustrating transmitting of a random access response

of the two configuration ways;
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Figure 7 is a diagram illustrating the way of transmitting multipleTAs in a single

random access response detection window;
Figure 8 is a diagram illustrating the assignment of the random access channel

resources;

Figure 9 is a schematic diagram illustrating the random access response detection
window;

Figure 10 is an example of the random access response;

Figure 11 is a schematic diagram illustrating the structure of the random access
response detection window according to the embodiment two of the present
disclosure.;

Figure 12A is a schematic diagram illustrating the structure of a device for detecting
a random access response;

Figure 12B is another schematic diagram illustrating the structure of a device for
detecting a random access response;

Figure 13A is a schematic diagram illustrating the structure of a device for
transmitting a random access response.;

Figure 13B is another schematic diagram illustrating the structure of a device for
transmitting a random access response.

Mode for the Invention

In order to provide a better understanding of the technical scheme in the detailed de-
scription of the present disclosure for those skilled in the art, the technical solution in
the embodiments of the present disclosure will be described clearly and completely in
connection with the drawings in the embodiments of the present disclosure.

some of the processes described in the specification, claims and drawings, contain a
numberof operations that present in a particular order, butit should be clearly un-
derstood that these operations may not be carried outin accordance with the order to
perform or to perform in parallel, the serial numberof the operation suchas 101,102,
etc., is only used to distinguish between different operations, the serial numberitself
does not represent any execution order. In addition, these processes may include more
or less operations, and these operations may be performed sequentially or in parallel. It
should be noted that the description of "first" and "second" in this application is used to
distinguish between different messages, devices, modules, etc., and does not represent
the order of precedence, nor the "first" and "second" is different types.

The technical solution in the embodiments of the detailed description will be
described clearly and completely in connection with the drawings in the embodiments
of the present disclosure, obviously, the described embodiments are only part of the

detailed description, not all the embodiments. Based on the embodiments in the
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detailed description, all the other embodiments obtained by those skilled in the art
without making creative work are within the protected scope of the detail description.

A method and user equipment of selecting a random access channel of the present
detailed description can be applied to a random access procedure of the FDD mode or
the TDD mode wireless communication system, comprising a contention-based
random access procedure and a contention-free random access procedure. Meanwhile,
the method and the user equipment of selecting a random access channel of the present
detailed description are suitablefor an operation scene of high frequency band multi-
beamin the 5G technology.

Referring to Figure 3, the method for detecting a random access response of the
present detailed description comprises the following steps:

In Step 1301, configuration information of a random access channel is obtained,
wherein the configuration information includes configuration information for con-
figuring a random access response detection window for a first type of UE with the
beam correspondence and configuration information for configuring a random access
response detection window for a second type of UE without the beam correspondence.

Step 1302, a random access response is detected according to its beam corre-
spondence and configuration information for configuring the random access response
detection window after transmitting a preamble.

Referring to Figure 4, the method for transmitting random access response of the
present embodiment comprises the following steps:

Step 2401: configuration information of a random access channel is transmitted,
wherein the configuration information comprises configuration information for con-
figuring a random access response detection window for a first type of UE with the
beam correspondence and configuration information for configuring a random access
response detection window for a second type of UE without the beam correspondence.

Step 2402: a random access response is transmitted according to random access
channel resources, a preamble detected and configuration of the random access
response detection window, after detecting the transmission of the preamble.

Embodiment 1

In the present embodiment, a method for detecting a random access response will be
described in connection with a specific system. It is assumed that a system simul-
taneously supportsa terminal with the beam correspondence and a terminal without the
beam correspondence to perform a random access procedure. Specifically, the system
divides available random access channel resources into a first type of random access
channel resources and a second type of random access channel resources. The first type
of random access channel resources are used for the terminal with the beam corre-

spondence to perform the random access procedure, and the second type of random
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access channel resource is used for the terminal without the beam correspondence to
perform the random access procedure.

In the present embodiment, the first type of random access channel resources and the
second type of random access channel resources adopt different time-frequency
resource positions, and the base station may determine whether or not the terminal has
the beam correspondence based on the random access resources, so the terminals with
the beam correspondence and the terminals without the beam correspondence may
usethe same or different preamble resource pools. For example, a terminal with the
beam correspondence and a terminal without the beam correspondence uses two
completely different (i.e., not overlapping) preamble resource pools, or uses two
preamble resource pools which are not exactly the same (i.e., partial preambles are co-
incident), or uses the same two preamble resource pools. Figure 5 shows a division
way of the random access channel resources in the present embodiment.

The base station informs the terminal configuration information of the random access
resources by a main information block carried by a broadcast channel or information of
system carried on the system information block indicated by the main information
block. In a scheme provided by the present embodiment, configuration information of
the random access resources includes resource configuration of the first type of random
access random access channel resources, which includes time-frequency resource
position of the random access channel resource used by the terminal with the beam
correspondence, information of a preamble resource pool (range of a preamble index
that can be used by the terminal with the beam correspondence) usedby the terminal
with the beam correspondence, and information needed when the terminal with the
beam correspondence detects a random access response, which includes length of a
random access response detection window, and the sequence of detecting a random
access response.

The configuration information of the random access resources also includes resource
configuration of the second type of random access random access channel resources,
which includes time-frequency resource position of the random access channel
resource used by the terminal without the beam correspondence, information of a
preamble resource pool used by the terminal without beam correspondence (range of a
preamble index that can be used by the terminal without the beam correspondence),
and information needed when the terminal without the beam correspondence detects a
random access response, which includes length of a random access response detection
window, and the sequence of detecting a random access response.

It is only necessary to inform information (i.e., index range of a preamble) of the
preamble resource pool if the terminal with the beam correspondence and the terminal

without the beam correspondence adopt the same preamble resource pool.
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The base station detects a preamble on an assigned random access channel. If
transmission of the preamble is detected, the random access response is transmitted
according to the following sequence:

iIf the transmission of the preamble is detected on the first type of random access
channel, the random access response is transmitted at the last subframeassigned to the
first type of random access channel subframe plus k; subframes and the corresponding
control channel is scrambled with RA-RNTI.

If the transmission of the preamble is detected on a second type of random access
channel and the base station assigns multiple random access channels (for a terminal
without the beam correspondence attempting to use transmitting beams of multipledi-
rections to try transmission of the preamble), the random access response is transmitted
at the last subframeassigned to the last random access channel plus k, + i subframes ,
and the random access response is scrambled with RA-RNTTI in the corresponding
downlink control channel.

In the configuration information above, the parameters k; and k, being the same or
different are informed to the terminal by configuration information of the random
access channel. The parameter 1 is an optional parameter, if the parameter i is set to be
0, random access responses of all random access channels are transmitted on the same
subframe;in another configuration mode, the parameter i may be related to the index of
the random access channel, that is different random access channels correspond to
different random access response detection windows. The two transmission modes of
the random access response for the terminal without the beam correspondence can be
described by Figure 6.

Figure 6 is for a case that a terminal without the beam correspondence may be
configured with multiple random access channels by the base station, on which the
terminal transmits a preamble by the way of transmitting beam handover. In this case,
the base station may detect the same preamble on multiplerandom access channels.
Now, the resources of the random access response can be configured in two modes as
shown in Figure 6:

- Mode 1:11is set to be 0. The RA-RNTI corresponding to the multiplerandom access
channels instructs different downlink shared channels to transmit different random
access responses on the same downlink control channel. In this case, the base station
may select a random access channel with the strongest receiving energy from the
random access channels detecting the same preamble, calculate the corresponding
timing advance, and use the RA-RNTI corresponding to the random access channel to
instruct the downlink share channel to transmit a random access response; or the base
station may calculate all the random access channels detecting the preamble, calculate

the corresponding timing advance, and use the RA-RNTI corresponding the random
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access channel to instruct different downlink share channels to transmit a random
access response on the same downlink control channel.

- Mode 2: 1 is not set to be 0. The RA-RNTI corresponding to the multiplerandom
access channels instructs different downlink shared channels to transmit different
random access responses on different downlink control channels. A simple example,
for the N** random access channel, the random access response corresponding to the
random access channel is transmitted at the last subframeassigned to the last random
access channel plus k2 + Mn subframes , that is i=Mn, wherein, M is a positive integer
and configured by the base station through configuration information of the random
access channel. In this way, positions of random access responses corresponding to
different random access channels are different. If the base station detects that multi-
plerandom access channels transmit the same preamble, the base station selects a
random access channel with the strongest receiving energy, transmits a random access
response in the random access response transmitting time corresponding to the random
access channel; or the base station transmits the corresponding random access response
on the random access response transmitting time corresponding to all the detected
random access channels.

It should be noted that detecting a preamble described above is to be understood that
the correlation detecting result of the preamble is greater than a predetermined
threshold. And the information suchas timing advance may be calculated by the cor-
relation detecting result.

It should also be noted that, for the case that the base station does not have the beam
correspondence, the base station needs to be configured the same preamble to perform
repeated transmissions in order to detect the preambles by the way of receiving beam
scan in the base station. In this case, the base station may detect the same preamble on
multiplereceiving beams on the same random access channel. For the transmission
configuration mode 1 of the random access response, the base station may process the
random access response as follows:

- if the base station detects the same preamble on the plurality of receiving beams,
the base station selects the receiving beam direction with the strongest receiving
energy, calculates the corresponding timing advance, generates a random access
response, and uses the RA-RNTI generated by the time-frequency resource corre-
sponding to the random access channel to instruct the corresponding physical downlink
shared channel to transmit the random access response;

- if the base station detects the same preamble in a plurality of beam directions, the
base station calculates the timing advance required to receive the beam direction of the
preamble, uses the RA-RNTI generated by the time-frequency resource corresponding

to the random access channel to instruct the corresponding physical downlink shared
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channel to transmit the random access response, wherein, the random access response
contains multipletiming advances. The mode above can be described by Figure 7.

In Figure 7, each dashed frame corresponds to a receiving beam direction of the base
station, and the base station receives the same preamble in multiplereceiving beam di-
rections, and the base station uses the RA-RNTI generated by the random access
channel resource in the detection window corresponding to the random access channel
resource to scramble a control channel, and transmits the random access response in
the downlink share channel instructed by the control channel. The random access
response carries multipledetected timing advances, and the resource assignment in-
formation transmitted by the corresponding message 3.

Whether or not the base station side has the beam correspondence and whether or not
the terminal side has the beam correspondence is not contradictory, and the process
above may be used in combination.

The operation on the base station side may affect the detection of a random access
response on the terminal side. Before attempting a process of random access, the
terminal reads configuration information of the random access channel from the
broadcast channel in the sync signal block, and acquires the random access channel
resources assigned to the terminal with beam correspondence and the terminal without
beam correspondence, and the corresponding configuration information for con-
figuring a random access response detection window. The configuration information
includes information suchas the start position indication k; and k, of the random access
response detection window, length of the random access response detection window,
and the like.

For a terminal with the beam correspondence, after transmitting a preamble, the
terminal may uses the RA-RNTI corresponding to time-frequency resources of the
random access channel used for transmitting the preamble to monitor the downlink
control channel in a random access response detection window. The start position of
the random access response detection window is the subframe (time slot) that contains
the end of the preamble transmission plus k; subframes (time slots) , the length of
window is N; subframes (time slots), and the base station configures and informs the
terminal by configuration information of the random access channel. For a terminal
with the beam correspondence, the downlink control channel is monitored only by one
RA-RNTI (determined by the random access channel time-frequency resource
transmitting the preamble). If the control information scrambled by the corresponding
RA-RNTTI is detected in the downlink control channel, the random access response is
read on the downlink shared channel indicated by the control channel.

For a terminal without the beam correspondence, the base station configures a

plurality of random access channels so that the terminal without the beam corre-
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spondence transmits the same or different preambles by the way of beam handover/
scan. If the base station adopts the configuration mode 1, after the assigned multi-
plerandom access channels transmitting a preamble, the terminal may uses multiple
RA-RNTIs to monitor the downlink control channel in a random access response
detection window. As for the configuration mode 1, the start position of the random
access response detection window is the last subframe(time slot) of the last random
access channel plus k, subframes (time slots), length of the window is N, subframes
(time slots), which is configured and informed to the terminal through configuration
information of the random access channel by the base station. In this mode, the
terminal needs to use multipleRA-RNTIs simultaneously to monitor the downlink
control channel, the multipleRA-RNTIs are determined by the random access channel
for transmitting the preamble. If the terminal successfullydecodes in the random access
response detection window by one or more RA-RNTIs, the downlink resource as-
signment assigned by the corresponding control channel is continued. If a preamble
identifier used for transmission is detected on the downlink resource assignment corre-
sponding to the one or more RA-RNTIs, detecting of the random access response is
successful.

If the base station adopts the configuration mode 2 and the base station assigns N
random access channels, the terminal monitors the N random access response detection
windows, and the starting position of the random access response detection window of
the n® random access channel is the last subframe(slot) of the last random access
channel plus K, + i, subframes , wherein, i, is a parameter related to the random access
channel index n, for example, i, = Mn. The random access response detection windows
corresponding to the respective random access channel do not overlap each other. The
terminal uses the corresponding RA-RNTI within the random access response
detection window corresponding to each random access channel to monitor the
downlink control channel. If the decoding is successful,the corresponding downlink
resource assignment information is read and the preamble identifier contained therein
is detected. If it is detected that one or more preamble identifiers match with the
transmitted preamble, then detecting of the random access response is successful.

It should be noted that the method provided in the present embodiment is also ap-
plicable to the case that only one type of terminals exists in the system or the base
station is configured with the random access channel resources suitablefor one type of
terminals only. For example, if the system only supportsa terminal without the beam
correspondence, the base station only assigns and informs the random access channel
resources and configuration information of the corresponding random access response
detection for the terminal without the beam correspondence. Terminals in the cell are

processed according to the mode of the random access preamble transmission and the
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random access response detecting of the terminal without the beam correspondence. In
addition, the way provided by the present embodiment is applicable to a Contention-
based or Contention-free random access procedure. For a Contention-free random
access procedure, the base station may configure a plurality of random access channel
resources referring to the processing way for the terminal without the beam corre-
spondence, and the terminal may select random access channel resources, of which the
numberis not larger than numberof the configured random access channel resources, to
transmit the preamble according to its own requirements (e.g., the numberof coverage
or transmission beams), and detect the random access response according to the corre-
sponding detecting method of the random access response.

Similarly, the mode provided by the present embodiment is also applicable to a case
that only a terminal with the beam correspondence is present in the system or a base
station is configured with random access channel resources only suitable for the
terminal with the beam correspondence.

Embodiment 2

In the present embodiment, a method for detecting a random access response will be
described in connection with a specific system. In the present embodiment, time-
frequency resources of the random access channel for a terminal with the beam corre-
spondence and a terminal without the beam correspondence are shared, butusing
random access preamble groups which do not overlap each other. That is all the
available preambles are divided into a first group of preambles and a second group of
preambles. The two groups of preambles do not overlap each other, the first group of
preambles are used for terminals with the beam correspondence, and the second group
of preambles are used for terminals without the beam correspondence.

In order to supporta terminal with the beam correspondence and a terminal without
the beam correspondence to perform a process of random access simultaneously, the
base station assigns a plurality of random access channel resource sets, each of which
is composed of a plurality of random access channels. The division of the random
access channel resource set and the time-frequency position of the random access
channels constituting the random access channel resource set are informed to the
terminal by the base station through the main information block in the broadcast
channel in the synchronization signal block or the random access configuration carried
in the system information carried by the system information block indicated by the
main information block. The random access channel resource set designated by the
random access configuration information carried by the broadcast channel in different
synchronization signal blocks is different, which is used to distinguish the different
transmitting beam directions on the base station side. The base station enables the

random access channel in the random access channel resource set to transmit a single
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or repeated or a plurality of preambles according to whether or not the terminal has the
beam correspondence, and informs the terminal by the information suchas the
preamble format.

For a terminal with the beam correspondence, a random access channel in the
random access channel resource set is selected according to the configuration in-
formation of the base station or a random access channel used for transmitting a
preamble is selected randomly in equal probability from all of the available random
access channels. The base station may also configure the terminal to transmit by the
same beam in a plurality of random access channels of the same random access
channel resource set.

For a terminal without the beam correspondence, the terminal transmits a preamble
by different beam directions on different random access channels according to the
numberof transmitting beam directions supported by it.

The assignment of the channel resources may be described by Figure 8.

In Figure 8, a random access channel resource set is composed of M random access
channel resources, wherein, the parameter M is a positive integer. For a terminal with
the beam correspondence, a random access channel resource is selected for
transmitting of a preamble (a plurality of random access channels may be selected to
transmit except for the example shown in the figure); for a terminal without the beam
correspondence, multipleeven all the random access channel resources are selected for
transmitting the preamble. It is also to be noted that the example shown in Figure 8 is
that each random access channel in the random access channel resource set is discrete
in time, and the other possibility is each random access channel in the random access
channel resource set is continuous in time. The random access resource set corre-
sponding to different broadcast channel resources is divided by time or by frequency in
order to correspond to different transmitting beam directions on the base station side.

In the present embodiment, the mode and flow of detecting a random access response
of a terminal with the beam correspondence is inconsistent with that of a terminal
without the beam correspondence. Specifically, when the base station configures the
random access channel resources, the base station simultaneously configures the two
types of the start position of terminal and the length of the random access response
detection windows for the two types of terminals. For the terminal with the beam cor-
respondence, after completing the transmission of a preamble, the terminal detects the
random access response on the last subframe(or slot) of the assigned random access
channel resource plus k; subframes (or slots); for the terminal without the beam corre-
spondence, the terminal detects the random access response on the last subframe(or
slot) of the assigned random access channel resource set used for transmitting the

preamble plus k, subframes (or slots) . The parameters k,; and k, are configured by the
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base station. If k, is equal to k,, only one parameter is required to be configured or be
pre-set. The mode described above can be described by Figure 9.

In Figure 9, the position of the random access response detection windows of the two
types of terminals does not overlap to avoid unnecessary collisions.

Specifically, if the base station detects a preamble in the first group of preambles in a
random access channel in the random access channel resource set, the base station
calculates a RA-RNTTI according to the time-frequency resource of the random access
channel of the detected preamble, and uses the RA-RNTI to scramble in the downlink
control channel in the corresponding random access response detection window,
transmits a random access response in the downlink time-frequency resource assigned
by the control channel.

If the base station detects a preamble in the second group of preambles in one or
more random access channels in the random access channel resource set, the
processing mode may be as follows:

- for a plurality of random access channels detecting the same preamble, a random
access channel with the strongest correlation detection is selected, a corresponding
RA-RNTI is calculated based on the time-frequency resources of the random access
channel, and the RA-RNTI is used to scramble in the random access response detection
window, a random access response is transmitted in the downlink time-frequency
resource assigned by the corresponding control channel.

- for a plurality of random access channels detecting the same preamble, multiple
corresponding RA-RNTIs are calculated based on the time-frequency resources of the
random access channels, and multiple corresponding random access responses are
generated. The following modes may be used to transmit the multiplerandom access
responses:

1. the multiple random access responses are indicated by the same control channel
within the random access response detection window. That is, a plurality of control in-
formation scrambled by different RA-RNTIs is transmitted in the same control channel
simultaneously, which indicates different downlink resources, and a corresponding
random access response is transmitted.

2. the multiple random access responses are indicated by multiplecontrol channels.
That is the i random access channel in the random access channel resource set, the
starting position of the random access response detection window of the i random
access channel is the (k, + n (1)) subframe, wherein, the functionn(i) is a parameter
related to i, for example, defined as n (i) = Mi, M is a positive integer, which is a
parameter configured or pre-set by the base station. If the transmission of the preamble
is detected on the i random access channel, a corresponding RA-RNTT is calculated

and the RA-RNTI is used to scramble the control information in the downlink control
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channel in the corresponding random access response detection window, a corre-
sponding random access response is transmitted on the downlink time-frequency
resource indicated by the control information. It should be noted that, in this way, the
random access response detection windows corresponding to the different random
access channels should not overlap.

The modes described in the present embodiment also affect behaviour of the
terminals. Specifically, after completing the downlink synchronization, the terminal
reads configuration information of the random access response in the main information
block or the system information block carried in the broadcast channel in the corre-
sponding synchronization signal block to determine assignment of the random access
channel time-frequency resource and information (I.e., a index range of the first group
of preambles and a index range of the second group of preambles) of a preamble
resource pool used by the terminal with the beam correspondence and the terminal
without the beam correspondence.

The terminal selects a preamble based on the capability of the beam correspondence
(i.e., whether or not having the beam correspondence). If having beam correspondence,
the first group of preambles are selected; if not having beam correspondence, the
second group of preambles are selected. The terminal randomly selects a preamble in
the selected preamble group with equal probability.

The terminal selects the random access channel resources according to the capability
of beam correspondence (i.e., whether or not having the beam correspondence). If
having beam correspondence, a random access channel assigned by the base station or
a random access channel resource selected randomly with equal probability from the
random access channel resources in the random access channel resource set assigned
by the base station is used to transmit a preamble. If not having beam correspondence,
all or part of the random access channel resources in the random access channel
resource set assigned by the base station are used to transmit a preamble.

The terminal detects a random access response in a random access response detection
window after completing the transmission of a preamble.

If the terminal has the beam correspondence, the starting position of the random
access response detection window is the subframe(or slot) that contains the end of the
preamble transmission plus k; subframes (or timeslots) , length of the window is
configured by the base station;

If the terminal does not have the beam correspondence, according to the mode
configured or pre-set by the base station, behaviour of the terminal is one of the
following:

- The terminal detects a random access response within a random access response

detection window, the start position of the random access response detection window
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is at the last subframe(or slot) of the last random access channel of the random access
channel resource set plus k, subframes (or timeslots) , length of the window is
configured by the base station; the terminal calculates a RA-RNTI corresponding to
each random access channel resource for transmitting the preamble, and uses the
calculated RA-RNTI to monitor the downlink control channel in the random access
detection window.

- The terminal detects random access responses within a plurality of random access
response detection windows. The start position of a random access response detection
window corresponding to the i random access channel resource in the random access
channel resource set is last subframe(or slot) of the last random access channel of the
random access channel resource set plus k,+n(i)subframes (or slots) , length of the
window is configured by the base station. Wherein, n(i) is a functionrelated to index i,
a simple deterministic mode is n(i) = Mi, wherein, M is a positive integer, which is
either configured or by pre-set by the base station. The terminal uses the corresponding
RA-RNTI to detect the downlink control channel in the random access detection
window within the random access response detection window corresponding to the
used random access channel resource.

The conditions of the terminal terminating to monitor a random access response are
as follows:

- If the terminal has the beam correspondence, monitoring the random access
response is terminated after the random access response containing a random access
preamble identifier matching the transmitted preamble is successfullyreceived. That is,
if the downlink resource assignment indicated in the PDCCH scrambled by the RA-
RNTT is successfullyreceived and the random access response therein contains the
random access response preamble identifier corresponding to the transmitted random
access response preamble, the random access response is received successfully;

- If the terminal does not have the beam correspondence and only one random access
response detection window is monitored in the mode described above, the possible
behaviour of the terminal is one of the following possibilities:

1. The terminal usesthe RA-RNTI corresponding to the random access resource used
for transmitting the preamble to detect the downlink control channel in the random
access response detection window individually, if the downlink resource assignment
indicated in the PDCCH scrambled by a RA-RNTI is successfullyreceived and the
random access response therein contains a random access response preamble identifier
corresponding to the transmitted random access response preamble, the random access
response is received successfully and the monitoring in the random access response
detection window is terminated;

2. The terminal uses RA-RNTIs corresponding to all the random access resources
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usedfor transmitting the preamble to detect the downlink control channel in the random
access response detection window. As for a random access channel, if the downlink
resource assignment indicated in the PDCCH scrambled by a RA-RNTI corresponding
to the random access channel resource is successfully received and the random access
response therein contains a random access response preamble identifier corresponding
to the transmitted random access response preamble, the random access response cor-
responding to the random access channel is received successfully, detecting the
random access response detection window by the RA-RNTI corresponding to the
random access channel resource is terminated, the RA-RNTIs corresponding to the
other undetected random access channel resources are used to detect the random access
response detection window untilthe RA-RNTIs corresponding to all the random access
channel resources used for transmitting the preamble completes the monitoring of the
random access response detection window.

- If the terminal does not have the beam correspondence and multiple random access
response detection windows are monitored in the mode described above, the possible
behaviour of the terminal is one of the following possibilities:

1. The terminal usesa RA-RNTI corresponding to the random access resource used
for transmitting the preamble to detect the downlink control channel in the corre-
sponding random access response detection window individually, if the downlink
resource assignment indicated in the PDCCH scrambled by a RA-RNTI is received
successfullyand the random access response therein contains a random access response
preamble identifier corresponding to the transmitted random access response preamble,
the random access response is received successfully and the monitoring in the
subsequent random access response detection windows is terminated;

2. The terminal uses RA-RNTIs corresponding to all the random access resources
used for transmitting the preamble to detect the downlink control channel in the corre-
sponding random access response detection window. As for a random access channel,
if the downlink resource assignment indicated in the PDCCH scrambled by a RA-
RNTI corresponding to the random access channel resource is successfullyreceived
and the random access response therein contains a random access response preamble
identifier corresponding to the transmitted random access response preamble, the
random access response corresponding to the random access channel is received suc-
cessfully,detecting the random access response detection window by the RA-RNTI
corresponding to the random access channel resource is terminated, the RA-RNTIs
corresponding to the other undetected random access channel resources are used to
detect the random access response detection window until the RA-RNTIs corre-
sponding to all the random access channel resources used for transmitting the preamble

completes the monitoring of the corresponding random access response detection
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window.

It should be noted that the method provided in the present embodiment is also ap-
plicable to the case that only one type of terminals exists in the system or the base
station is configured with the random access channel resources suitablefor one type of
terminals only. For example, if the system only supportsa terminal without the beam
correspondence, the base station only assigns and informs the random access channel
resources and configuration information of the corresponding random access response
detection for the terminal without the beam correspondence. Terminals in the cell are
processed according to the mode of the random access preamble transmission and the
random access response detecting of the terminal without the beam correspondence. In
addition, the way provided by the present embodiment is applicable to a Contention-
based or Contention-free random access procedure. For a Contention-free random
access procedure, the base station may configure a plurality of random access channel
resources referring to the processing way for the terminal without the beam corre-
spondence, and the terminal may select random access channel resources, of which the
numberis not larger than numberof the configured random access channel resources, to
transmit the preamble according to its own requirements (e.g., the numberof coverage
or transmission beams), and detect the random access response according to the corre-
sponding detecting method of the random access response.

Similarly, the mode provided by the present embodiment is also applicable to a case
that only a terminal with the beam correspondence is present in the system or a base
station is configured with random access channel resources only suitable for the
terminal with the beam correspondence.

Embodiment 3

In the present embodiment, a method for detecting and transmitting a random access
response will be described in connection with a specific system. The focus of this em-
bodiment is the mode of the base station transmitting a random access response and the
mode of the terminal detecting the random access response after a terminal without the
beam correspondence transmitting a preamble. The scheme according to the present
embodiment is applicable to the resource assignment mode of the embodiment 1 and
the embodiment 2, without affecting the terminal without the beam correspondence
and the base station's modes of detecting and transmitting the random access response.

As described above, the base station assigns a plurality of random access channel
resources in the random access channel resource set for the sake of transmitting the
preamble conveniently by the terminal without the beam correspondence. The terminal
transmits the preamble on multipleor all the random access channel resources, to
determine the optimal beam direction from a plurality of transmit beam directions. The

base station may detect the same preamble on a plurality of random access channel
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resources and feedback the corresponding plurality of random access responses.

If the base station detects the same preamble on a plurality of random access channel
resources, the plurality of random access channel resources are sorted. The criteria for
sorting is according to size of the outputvalues of the correlation detection of the
preambles, from big to small and the multiplerandom access channel resources are
assigned indexes in turn. The base station informs the terminal the priority indexes rep-
resenting the corresponding priority in the way of explicit or implicit indication in the
corresponding random access response. The mode of explicit indication includes
informing the corresponding index directly in the random access response, that is
transmitting the bits for characterizing the corresponding receiving index of the
random access channel in the random access response.

In another case, if the base station side does not have the beam correspondence, the
base station needs to configure the terminal to transmit a duplicatepreamble so that the
base station may receive the preamble in a way of receiving a beam scan. In this case,
the base station may detect the same preamble in multiple receiving beam directions on
the same random access channel resources and determine multipletiming advances.
This multipletiming advances correspond to the same random access channel and the
same preamble, so they are transmitted in the same random access response. In the
present embodiment, if the base station detects the same preamble in a plurality of
receiving beam directions on the same random access channel resource, the plurality of
receiving beam directions are sorted. The sorting criterion is according to size of the
outputvalues of the preambles correlation, from big to small and the base station se-
quentially assigns the priority indexes representing the priorities to the timing advances
and the resource assignment indications of message 3 detected on the corresponding
receiving beam directions. The base station informs the respective receiving beam di-
rections the determined timing advances, corresponding resource assignment in-
formation of the message 3, the temporary cell radio network temporary identifier
(TC-RNTI) assigned to the preamble detected on the receiving beam direction in the
corresponding random access response, and informs the corresponding indexes in an
explicit or implicit way. Wherein, the explicit way is informing the corresponding
indexes directly; the implicit way is to sort the timing advances and resource as-
signments of message 3 in the order of the indexes. Figure 10 shows an example of an
explicit and implicit indication in a random access response.

In Figure 10, other information refers to other information contained in the random
access response.

In the present embodiment, the aforementioned transmission description affects the
behaviour of a terminal. Specifically, if the random access responses corresponding to

a plurality of random access channel resources are detected successfully when
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detecting the random access responses, the possible behaviour of the terminal includes:

- the terminal selects a random access response with the highest priority char-
acterized by the priority index information, transmits the message 3 according to the
content of the random access response;

- the terminal selects a access response with the highest priority random char-
acterized by multiple priority index information, transmits the message 3 according to
the content of the random access response;

- the terminal transmits the message 3 respectively according to the contents of each
random access response.

If the terminal receives a plurality of timing advances, uplink grant and other in-
formation in a random access response, the behaviour of the terminal may comprise:

- the terminal selects a random access response with the highest priority char-
acterized by the priority index information, transmits the message 3 according to the
content of the random access response;

- the terminal selects a access response with the highest priority random char-
acterized by multiple priority index information, transmits the message 3 according to
the content of the random access response;

- the terminal transmits the message 3 respectively according to the contents of each
random access response.

It should be noted that the method provided in the present embodiment is also ap-
plicable to the case that only one type of terminals exists in the system or the base
station is configured with the random access channel resources suitable for one type of
terminals only. For example, if the system only supportsa terminal without the beam
correspondence, the base station only assigns and informs the random access channel
resources and configuration information of the corresponding random access response
detection for the terminal without the beam correspondence. Terminals in the cell are
processed according to the mode of the random access preamble transmission and the
random access response detecting of the terminal without the beam correspondence. In
addition, the way provided by the present embodiment is applicable to a Contention-
based or Contention-free random access procedure. For a Contention-free random
access procedure, the base station may configure a plurality of random access channel
resources referring to the processing way for the terminal without the beam corre-
spondence, and the terminal may select random access channel resources, of which the
numberis not larger than numberof the configured random access channel resources, to
transmit the preamble according to its own requirements (e.g., the numberof coverage
or transmission beams), and detect the random access response according to the corre-
sponding detecting method of the random access response.

Similarly, the mode provided by the present embodiment is also applicable to a case
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that only a terminal with the beam correspondence is present in the system or a base
station is configured with random access channel resources only suitable for the
terminal with the beam correspondence.

Embodiment 4

In the present embodiment, a method of detecting and transmitting a random access
response will be described. In the present embodiment, the random access response 1s
detected by using a way of a plurality of sub-randomaccess windows in a random
access detection window. The way described in the present embodiment is applicable
to a terminal for transmitting a preamble on one or more random access timings when
transmitting the preamble. Wherein, the transmission of the preamble on the multiple
random access timings may adopt the same or different uplink transmitting beams. The
random access timing is to be understood as a random access channel resource in the
foregoing embodiments for transmitting a complete preamble meeting the preamble
format.

In the present embodiment, the base station configures one or more random access
timings used for transmitting the preamble for the terminal needed to transmit the
preamble. If the base station configures a pluralityof random access timings, the
terminal may transmit the preamble by the same or different uplink transmitting beams
on the multiple random access timings. The numberof random access timings used by
the terminal is determined by the numberof uplink transmitting beams of the terminal,
butnot greater than a maximum of numberof the random access timings configured by
the base station.

The way of a terminal to detect the random access response is as follows:

After transmitting the preamble on a first random access timing, the terminal begins
to detect the random access response in the random access response window starting at
the k* subframe. The terminal detects a downlink control channel based on a RA-RNTI
calculated by time-frequency resource of the first random access timing. Wherein, the
parameter k is determined by preconditioning or configuration of the base station. If
the configuration of the base station is adopted, the relevant parameter k is transmitted
in configuration information of the random access.

Length of the random access response detection window is configured by the base
station and needed to cover all the random access timings configured by the base
station. In the durationof the random access response window, when the terminal needs
to transmit the preamble, the detecting of the random access response is suspended,and
the preamble of the random access response is transmitted on the time-frequency
resource of the random access timing. After the new preamble of the random access
response is transmitted, the terminal needs to use a RA-RNTI calculated by the time-

frequency resources of all the random access timings that have been used for the
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preamble to detect within the random access response detection window.

Using the way above will cause that number of RA-RNTIs used by the terminal to
detect the random access responses is more and more, which increases the complexity
of the terminal detecting the random access responses. One possible simplification
scheme is to configure k1for the effective length of each RA-RNTI except the length
of the random access response detection window. That is, the effective length of each
RA-RNTI starts from the k'® subframeafter the end of the random access timing, and
ends at the (k '+ k1)® subframe, all the RA-RNTIs calculated by the time-frequency
resources of the random access timings in the k1 subframescan be used to detect the
random access response. It should be noted that the effective length of the RA-RNTI
corresponding to the different random access timings may overlap, that is, the terminal
may use multipleRA-RNTIs still to detect the random access response within the
random access response detection window, butthe number of RA-RNTIs used simul-
taneously will be reduced. The parameter k' is configured by the base station or is pre-
set. The effective length of the RA-RNTI corresponding to the first random access
timing is calculated from the start time of the random access response detection
window. The process above is shown in Figure 11.

If the terminal successfullydetects a random access response within the effective
length of a RA-RNTI, a possible way is to transmit the preamble on the random access
timing configured for the terminal, and the random access response is detected in the
random access response detection window continuously. In this case, it is necessary to
carry a measuring result or the sorting result of the measuring result of the corre-
sponding preamble in the random access response so that the terminal selects the
optimal transmitting beam. For example, the base station configures eight random
access timings that can be used to transmit the preamble, and the terminal transmits the
preamble on the eight random access timings and detects the random access response
in the way described in the present embodiment. The terminal successfullydetects the
random access response within the effective length of the RA-RNTI calculated by the
time-frequency resources of the second, fourth, and fifth random access timings, and
the sorting result of the measuring result of the preamble carried in the random access
response is 4, 2, 5. The terminal determines the appropriate uplink transmitting beam
according to the preset criteria. The preset criterion is to select an uplink transmitting
beam adopted by the random access timing corresponding to the random access
response carrying with the best measuring result or optimal sorting result of the
measuring results. Another possible preset criterion is to select a random access
response with equal probability in the detected random access responses randomly, and
to determine the uplink transmitting beam according to its corresponding random

access timing.
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In another way, if the terminal detects a random access response within the effective
length of a RA-RNTI successfully, the random access response is detected suc-
cessfully,the detection of the random access response can be terminated and the subse-
quentaccess or data transmission step is continued. In this way, it is not necessary to
carry the measuring result information within the random access response.

If the terminal does not transmit the preamble at all the configured random access
timings, after the effective length of the RA-RNTI calculated by the time-frequency
resource of the last random access timing usedfor transmitting the preamble, the
detection of the random access response may be terminated. If the random access
response is not detected still at this time, the random access procedure is considered to
fail.

The present disclosure also provides a device for detecting a random access response
which may be on the terminal side, in accordance with the method for detecting a
random access response on the terminal side.

Figure 12A is a structure schematic of the corresponding device and Figure 12B is
another structure schematic of the corresponding device.

As shown in Figure 12A, thea device (1210) includes a random access channel con-
figuration information acquisition module (1220) and a random access response
detecting module (1230).

Wherein, the random access channel configuration information acquisition module is
used to obtain configuration information of a random access channel. The random
access response detecting module is used to detect a random access response according
to its beam correspondence and configuration of the random access response detection
window after transmitting a preamble.

As shown in Figure 12B, a device (1240) includes a transceiver and a processor.

The transceiver (1250) is capable of transmitting the preamble.

The processor (1260) obtains the configuration information of a random access
channel.

The processor (1260) detects the random access response according to its beam cor-
respondence and configuration of the random access response detection window.

The present disclosure also provides a device for transmitting a random access
response which may be on the base station side, in accordance with the method for
transmitting a random access response on the base station side.

Figure 13A is a structure schematic of the corresponding device and Figure 13B is
another structure schematic of the corresponding device.

As shown in Figure 13A, thea device (1310) includes a random access channel con-
figuration information transmitting module (1320) and a random access response

transmitting module (1330).
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Wherein, a random access channel configuration information transmitting module is
used to transmit configuration information of a random access channel. The random
access response transmitting module is used to transmit a random access response
according to the random access channel resources, a preamble detected and con-
figuration of the random access response detection window, after detecting the
transmission of the preamble.

As shown in Figure 13B, a device (1340) includes a transceiver and a processor.

The transceiver (1350) transmits the configuration information of a random access
channel.

The transceiver is capable of the random access response according to the random
access channel resources, a preamble detected and configuration of the random access
response detection window.

The processor (1360) detects the transmission of the preamble.

The processor (1360) transmits a random access response according to the random
access channel resources, the preamble detected and configuration of the random
access response detection window.

In several embodiments provided in the detailed description, it is to be understood
that the disclosed systems, device and method may be implemented in other ways. For
example, the embodiment of the device described above is merely schematic, for
example, the dividing of the modules is only a kind of logical functiondividing, and
there may be additional dividing ways in the process of actually implementation, for
example, multiplemodules or components may be combined or integrated into another
system, or some features may be ignored, or not executed. In other words, the
coupling, direct coupling or communication connection shown or discussed may be
through some interfaces, and the coupling or communication connection of devices or
modules may be electrical, mechanical, or other forms.

The modules considered as the separate component description may be or may not be
physically separate, and the components shown as modules may be or may not be
physical modules, i.e., being located in one place or being distributed over a plurality
of network modules. The part or all of the modules may be selected according to the
actual needs to achieve object of the scheme of the present embodiment.

In addition, the functionalmodules in the various embodiments of the present ap-
plication may be integrated in a processing module, or each module may be physically
present individually, or two or more modules may be integrated in one module. The in-
tegrated module may be implemented in the form of hardware, and may also be
achieved in the form of software functionmodules.

Those skilled in the art may understand that all or a part of steps of the various

methods of the various embodiments described above may be accomplished by a
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program to instruct the associated hardware, and the program may be stored in a
computer readable storage medium, which may include: a read only memory (ROM), a
random access memory (RAM), a magnetic disk, or an optical disk.

[207] The method and the device provided in the detailed description of the present
disclosure has been described in detail, to those skilled in the art, according to concept
of the embodiments of the detailed description, there will be a change in the detailed
description and the application range, in summary,the contents of this specifications
should not be considered as the limiting of the detailed description of the present

disclosure.
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Claims

A method for detecting a random access response, the method
comprising:

obtaining configuration information of a random access channel;,
wherein the configuration information comprisesing configurationfirst
information for configuringabout a random access response detection
window for a first type of user equipment (UE) and configura-
tionsecond information for configuringabout a random access response
detection window for a second type of UE;, wherein the first type of
UE has beam correspondence, and the second type of UE does not have
the beam correspondence; and

detecting the random access response according to its beam corre-
spondence and configuration of a random access response detection
window corresponding to its beam correspondence after transmitting a
preamble.

The method of claim 1, wherein

the configuration information for configuringabout the random access
response detection window for athe first type of UE with the beam cor-
respondence comprises: at least one of information of thea length of the
random access response detection window, and/or information of thea
start position of the random access response detection window;

the configuration information for configuringabout the random access
response detection window for athe second type of UE without the
beam correspondence comprises: at least one of information of thea
length of the random access response detection window, and/or in-
formation of thea start position of the random access response detection
window.

The method of claim 2, wherein the configuration information for con-
figuringabout the random access response detection window for athe
second type of UE comprises:

information of the start position and information of the length of each
random access response detection window corresponding to each
random access channel resource in a random access channel resource
set.

The method of claim 3, wherein the information of the start position of
the random access response detection window comprises: information

of the start position of a random access response detection window cor-
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responding to the first random access channel resource in the random
access channel resource set and gap between two adjacent random
access response detection windows.

The method of claim 1, wherein detecting the random access response
according to its beam correspondence and the configuration of the
random access response detection window comprises:

detecting, by the first type UE having the beam correspondence, the
random access response according to the configuration of the random
access response detection window of the first type of UE after
transmitting the preamble; or

detecting, by the second type UE without the beam correspondence, the
random access response according to the configuration of the random
access response detection window of the second type of UE after the
last random access channel resource in the random access channel
resource set; wherein

the random access channel resource set comprises one or more random
access channel resources.

The method of claim 5, wherein when the UE transmitting the
preamble does not have the beam correspondence, the method for
detecting the random access response comprises:

determining, by the UE, a random access response detection window
according to the configuration of the random access response detection
window after every random access channel resource in the random
access channel resource set; and

detecting and receiving the random access response according to the
random access response-radio network temporary identification
(RA-RNTI) corresponding to the one or more random access channel
resources usedfor transmitting the preamble.

The method of claim 6, wherein, detecting and receiving the random
access response according to the RA-RNTI corresponding to the one or
more random access channel resources used for transmitting the
preamble comprises:

terminating detecting and receiving the random access response, whenif
the random access response is detected and received successfully
according to the RA-RNTI corresponding to a random access channel
resource in the random access channel resources usedfor transmitting
the preamble.

The method of claim 5, wherein the method for detecting the random
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access response by the second type of UE comprises:

detecting and receiving the random access response in the random
access response detection window corresponding to each random
access channel resource used for transmitting the preamble according to
the RA-RNTI responding to the random access channel resource, after
every random access channel resource in the random access channel
resource set.

The method of claim 8, wherein the method for detecting the random
access response by the second type of UE comprises:

terminating detecting and receiving the random access response, whenif
the random access response is detected and received successfully in a
random access response detection window corresponding to a random
access channel resource in the random access channel resources used
for transmitting the preamble according to the RA-RNTI corresponding
to the random access channel resource.

The method of claim 5, wherein the method for detecting the random
access response by the second type of UE comprises:

determining the procedure of receiving the random access response
fails, whenif no random access response is successfullyreceived in any
random access response detection window corresponding to all the
random access channels in the random access channel resource set used
for transmitting the preamble according to the RA-RNTIs of the
random access channels.

The method of claim 5, wherein the method for detecting the random
access response by the second type of UE comprises:

detecting, by the second type of UE, the random access response; and
if multiple random access responses are detected in the corresponding
random access response detection windows, determining the message 3
priorities of the multiple random access responses according to
received energy indexes in the random access responses.

The method of claim 5, wherein the method for detecting the random
access response by the second type of UE comprises :

detecting, by the second type of UE, the random access response; and
if multiple timing advances and uplink grant are detected in the random
access response, determining the message 3 priorities of the plurality of
timing advances and uplink grant according to the received power
indexes in the random access response.

A method for transmitting a random access response, comprising:
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transmitting configuration information of a random access channel;
wherein the configuration information comprises configuration in-
formation for configuring a random access response detection window
for a first type of UE and configuration information for configuring a
random access response detection window for a second type of UE;
wherein the first type UE has beam correspondence, and the second
type UE does not have the beam correspondence;

transmitting a random access response according to random access
channel resources, a preamble detected and configuration of the
random access response detection window, after detecting the
transmission of the preamble.

A device for detecting random access response, comprising:

a random access channel configuration information acquisition
module,transceiver configured to:

obtain configuration information of a random access channel; transmit
a preamble; wherein, the configuration information of the random
access channel comprises configuration information for configuring a
random access response detection window for a first type of UE and
configuration information for configuring a random access response
detection window for a second type of UE; wherein, the first type of
UE has beam correspondence, and the second type of UE does not have
the beam correspondence;. and

a random access response detecting module,processor configured to:
obtain configuration information of a random access channel,

detect a random access response according to its beam correspondence
and configuration of the random access response detection window,
wherein the configuration information of the random access channel
comprises first information about a random access response detection
window for a first type UE and second information about a random
access response detection window for a second type UE,

wherein the first type UE has beam correspondence, and the second
type UE does not have the beam correspondence after transmitting a
preamble.

A device for transmitting random access response, comprising:

a random access channel configuration information transmitting
module,transceiver configured to:

transmit configuration information of a random access channel,; and

wherein the configuration information of the random access channel
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comprises configuration information for configuring a random access
response detection window for a first type of UE and configuration in-
formation for configuring a random access response detection window
for a second type of UE;

a random access response transmitting module,processor configured to:
transmit a random access response according to the random access
channel resources, a preamble detected and configuration of the
random access response detection window, after detecting the a
transmission of thea preamble., and

transmit a random access response according to the random access
channel resources, the preamble detected and configuration of the
random access response detection window,

wherein the configuration information of the random access channel
comprises first information about a random access response detection
window for a first type UE and configuration information about a

random access response detection window for a second type UE.
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[Fig. 4]
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