wo 2017/132948 A1 [N 000000 0 A0 O

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2017/132948 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

10 August 2017 (10.08.2017) WIPOIPCT
International Patent Classification: (81)
H04B 7/04 (2006.01)
International Application Number:

PCT/CN2016/073534

International Filing Date:
4 February 2016 (04.02.2016)

English
Publication Language: English

Applicant: INTEL IP CORPORATION [US/US]; 2200
Mission College Boulevard, Santa Clara, CA California
95054 (US).

Filing Language:

Inventors: ZHANG, Jinyu; Beijing University of Posts
and Telecommunications, Room 811 Student Building No.
3, Xitucheng Road, Haidian District, Beijing 100876 (CN).
ZHANG, Yushu; 8F, Raycom Info Park A, No. 2 Kexuey-
uvan South Road, Haidian District, Beijing 100190 (CN).
ZHU, Yuan; Room 605, Building 16, Mo Li Yuan, Bei
Yuan Jia, Yuan, Chaoyang District, Beijing 100012 (CN).

Agent: BELJING EAST IP LTD.; Suite 1601, Tower E2,
The Towers, Oriental Plaza, No.1, Fast Chang An Ave.,
Dongcheng District, Beijing 100738 (CN).

(84)

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

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD, APPARATUS AND SYSTEM FOR BEAM ACQUISITION IN WIRELESS SYSTEM

aNB 101 T

control modalz

,,,,,,

control mordule
203

Transceiver
202

(57) Abstract: Machine-readable media, methods, apparatus and system for beam acquisition in a wireless system are disclosed. In
some aspects, a base station may comprise a transceiver, to map beam reference signals (BRSs) onto a plurality of transmission
beams; and a control module to divide the transmission beams into a plurality of groups, at least in part based on a plurality of logic -
al indexes assigned to the transmission beams; divide the transmission beams of each of the groups into a plurality of sub-groups;
and change transmission beam order in at least one of the groups, in order to equalize and maximize logical index differences
between a plurality of transmission beams adjacent to one another in the sub-group.



10

15

20

25

30

WO 2017/132948 PCT/CN2016/073534

METHOD, APPARATUS AND SYSTEM FOR BEAM ACQUISITION IN
WIRELESS SYSTEM

Field
Aspects of the present invention relate generally to the field of beam acquisition in
a wireless system, and more particularly, to the beam acquisition in a 5" generation
wireless system implemented with centralized-radio access network (C-RAN)

technologies.

Background Information
In a wireless network, e.g., a 5 generation wireless network implemented with C-
RAN technologies, an evolved Node B (eNB) may have a large number of transmission
beams to support massive multiple-input, multiple-output (MIMO). For receiving beam
acquisition, beam reference signals (BRS) mapped on the transmission beams are

transmitted to a user equipment (UE) connected with the eNB via the wireless network.

Brief Description of the Drawings

Aspects of the invention are illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings in which like reference numerals
refer to similar elements.

Figure 1 schematically illustrates a wireless system comprising an evolved Node B
(eNB) and a user equipment (UE) for beam acquisition, in accordance with various aspects.

Figure 2 schematically illustrates a transmission beam pattern in frequency-time
domain, in accordance with various aspects.

Figure 3 schematically illustrates a first process of changing the transmission
beam pattern in the frequency-time domain, in accordance with various aspects.

Figure 4 schematically illustrates the transmission beam pattern in Azimuth angles
of departure (AoD) - Zenith angles of departure (ZoD) domain before the first change process,
in accordance with various aspects.

Figure 5 schematically illustrates the transmission beam pattern in AoD-ZoD

domain after the first change process, in accordance with various aspects.
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Figure 6 schematically illustrates a second process of changing the transmission
beam pattern in the frequency-time domain, in accordance with various aspects.

Figure 7 schematically illustrates the transmission beam pattern in AoD-ZoD
domain after the second change process, in accordance with various aspects.

Figure 8 schematically illustrates a method of generating and transmitting a
subframe having beam reference signals (BRSs) mapped on the transmission beams by the
eNB, in accordance with various aspects.

Figure 9 schematically illustrates a method of receiving and acquiring a best pair
of transmission beam-receiving beam by the UE, in accordance with various aspects.

Figure 10 schematically illustrates an example system in accordance with various

aspects.

Description of the Aspects

Ilustrative aspects of the present disclosure include, but are not limited to,
methods, systems, and apparatuses for beam acquisition in a wireless system, for example,
in a 5" generation wireless system implemented with centralized-radio access network (C-
RAN) technology.

Various aspects of the illustrative aspects will be described using terms commonly
employed by those skilled in the art to convey the substance of their work to others skilled
in the art. However, it will be apparent to those skilled in the art that some alternate
aspects may be practiced using with portions of the described aspects. For purposes of
explanation, specific numbers, materials, and configurations are set forth in order to
provide a thorough understanding of the illustrative aspects. However, it will be apparent
to one skilled in the art that alternate aspects may be practiced without the specific details.
In other instances, well-known features are omitted or simplified in order to not obscure
the illustrative aspects.

Further, various operations will be described as multiple discrete operations, in
turn, in a manner that is most helpful in understanding the illustrative aspects; however,
the order of description should not be construed as to imply that these operations are
necessarily order dependent. In particular, these operations need not be performed in the
order of presentation.

The phrase “in one aspect” is used repeatedly. The phrase generally does not refer

to the same aspect; however, it may. The terms “comprising,” “having,” and “including”
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are synonymous, unless the context dictates otherwise. The phrase “A/B” means “A or B”.
The phrase “A and/or B” means “(A), (B), or (A and B)”. The phrase “at least one of A, B
and C” means “(A), (B), (C), (A and B), (A and C), (B and C) or (A, B and C)”. The
phrase “(A) B” means “(B) or (A B)”, that is, A is optional.

Although specific aspects have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that a wide variety of alternate and/or
equivalent implementations may be substituted for the specific aspects shown and
described, without departing from the scope of the aspects of the present disclosure. This
application is intended to cover any adaptations or variations of the aspects discussed
herein. Therefore, it is manifestly intended that the aspects of the present disclosure be
limited only by the claims and the equivalents thereof.

As used herein, the term “module” may refer to, be part of, or include an
Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group) and/or memory (shared, dedicated, or group) that execute one or more
software or firmware programs, a combinational logic circuit, and/or other suitable
components that provide the described functionality.

Figure 1 schematically illustrates a wireless system comprising an evolved Node B
(eNB) 10" and a user equipment (UE) 201 for beam acquisition, in accordance with
various aspects. In some aspects, the eNB 101 may comprise a control module 102, a
transceiver 103, a plurality of antennas 104, and others. The control module 102 may
control a transmission beam pattern for a plurality of transmission beams 105 generated by
the plurality of antennas 104. Beam reference signals (BRSs) used to measure channel
state and quality for each of the transmission beams 105 may be mapped on the
transmission beams 105, for example, by the transceiver 103. In some aspects, the
transceiver 103 may further transmit information via the transmission beams 105 to the
UE 201. The information may comprise a BRS sub-frame in the transmission beam pattern
controlled by the control module 102.

In various aspects, the UE 201 may comprise a transceiver 202, a control module
203, a plurality of antennas 204 and others. The transceiver 202 may receive information
via receiving beams 205 generated by the plurality of antennas 204, from the eNB 101.
The information may comprise the BRS subframe in the transmission beam pattern
controlled by the control module 102. The control module 203 may scan the transmission

beams 105 received from the eNB 101 for each of the receiving beams 205, and search for
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a best pair of a receiving beam and a transmission beam at least in part based on the
receiving power of the BRSs (BRS_RP), so that the UE 201 may use the best pair of the
receiving beam and transmission beam to receive transmissions from the eNB 101.

In various aspects, the transmission beam pattern may be arranged so that each of
the receiving beams 205 may only need to scan a part of the transmission beams, rather
than all of the transmission beams, in order to obtain the best pair of the receiving beam
and the transmission beam. This way may help to shorten the time needed for the beam
acquisition.

Figure 2 schematically illustrates the transmission beam (Tx beam) pattern in
frequency-time domain, in accordance with various aspects. Each block shown in Figure 2
may represent one of the transmission beams 105. In some aspect, the transmission beams

105 may be divided into one or more groups, e.g., N, groups, wherein N, represents the
number of the groups. In some aspects, N, may be determined at least in part based on the

number of the transmission beams and the number of orthogonal frequency division
multiplexing (OFDM) symbols, in which different transmission beams may be transmitted
in different OFDM symbols. For example, if 48 transmission beams are to be transmitted
in 12 OFDM symbols, the 48 transmission beams may be divided into 4 groups, with the
number of the transmission beams in each group (e.g., N, transmission beams) equal to
the number of the OFDM symbols (e.g., N, =12).

In some aspects, each group of the transmission beams, such as the transmission
beams in group 1, may be further divided into a number of sub-groups. In some aspects,
the number of the sub-groups, e.g., K sub-groups, may be determined at least in part
based on the number of the transmission beams and/or the number of the transmission

beam groups (e.g., N, ). For example, if the antenna 104 generates 48 transmission beams

which are divided into 4 groups, then each group of the transmission beams may be further
divided into 3 sub-groups. However, it should be understood that the eNB may determine
that the each group may be divided into any other number of the sub-groups.

Figure 3 schematically illustrates a first process of changing the transmission beam
pattern in the frequency-time domain, in accordance with various aspects. The matrix M1
may represent the transmission beam pattern before the first change process and matrix
M2 may represent the transmission beam patter after the first change process. Taking the

transmission beams 104 being divided into N, groups at least in part based on the
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N _Sym OFDM symbols, each element (i, j) in the matrix M1 or M3 may indicate the

transmission beam in the i” group which may correspond to the j” symbol. Taking 48

transmission beams in 4 groups as an example, blocks marked with logical indexes 1-12
may represent 12 transmission beams in group 1, blocks marked with logical indexes 13-
24 may represent 12 transmission beams in group 2, blocks marked with logical indexes
25-36 may represent 12 transmission beams in group 3 and blocks marked with logical
indexes 37-48 may represent 12 transmission beams in group 4.

Moreover, each group of the transmission beams may be further divided into a
number of sub-groups at least in part based on the number of the transmission beams
and/or the number of the transmission beam groups, so that one receiving beam 205 may
correspond to one sub-group in each of the groups. Taking 48 transmission beams which
may be divided into 4 groups as an example, the 12 transmission beams in each group (e.g.,
each of the groups 1-4) may be further divided into 3 sub-groups with each sub-group
having 4 transmission beams, and one receiving beam 205 may correspond to one sub-
group in each of the groups 1-4. For example, as shown in the matrix M1 of Figure 3,
receiving beam 1 may correspond to 4 sub-groups respectively from 4 groups, i.e.,
transmission beams 1-4 from group 1, transmission beams 13-16 from group 2,
transmission beams 25-28 from group 3 and transmission beams 37-40 from group 4. The
similar may be applied to other receiving beams, such as the receiving beam 2 and the
receiving beam 3.

Figure 4 schematically illustrates the transmission beam pattern in Azimuth angles
of departure (AoD) - Zenith angles of departure (ZoD) domain before the first change process,
in accordance with various aspects. In some aspects, the transmission beam pattern in the
AoD-ZoD domain as shown in Figure 4 may correspond to the transmission beam pattern
in the frequency-time domain before the change process, namely, the transmission beam
pattern of matrix M1. Each circle marked with a logical index in Figure 4 may correspond
to the block marked in the same logical index in matrix M1 of Figure 3.

As shown in Figure 4, different transmission beams may cover different AoDs
and/or ZoDs, which may indicate different beam reference signals. In order to search for
best pair of transmission beam and receiving beam, each receiving beam may be scanned
for the corresponding transmission beams (e.g., the 16 transmission beams corresponding
to the receiving beam 1 as shown in the matrix M1), and channel measurement based on

the BRS mapped on the transmission beams may be performed.
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Considering that the channel measurement may be performed between the
receiving beam and a part of the transmission beams, rather than the total transmission
beams, it may be desired that the part of the transmission beams corresponding to the
receiving beam may more evenly distribute in the AoD-ZoD domain and/or cover a scope
of the AoD-ZoD domain as large as possible, so that the possibility of losing the best pair
of transmission beam and receiving beam may be reduced while the efficiency may be
increased. Examples of evenly distribution may include that spatial differences in the
AoD-ZoD domain for every two adjacent transmission beams in one sub-group are as
large as and as close as possible, wherein the two adjacent transmission beams may refer
to the two transmission beams adjacent to each other in the frequency-time domain.

Before the first change process, although the logical index of each transmission

N, . . o .
beams may be numbered at ~ ¢ interval so that every two adjacent transmission beams in

frequency-time domain (e.g., beams 1 and 2 of matrix M1 in Figure 3) has N, —1 beams’

interval in the AoD-ZoD domain as shown in Figure 4, the transmission beams
corresponding to one receiving beam are not evenly distributed in the AoD-ZoD domain.
For example, the transmission beams corresponding to the receiving beams 1, including
beams 1, 2, 3 and 4 of group 1, beams 13, 14, 15 and 16 of group 2, beams 25, 26, 27 and
28 of group 3 and beams 37, 38, 39 and 40 of group 4 may locate in the upper part of the
AoD-ZoD domain in Figure 4.

Therefore, the transmission beam order for each group may be changed so that the
logical index differences for every two adjacent transmission beams in every sub-group
may be as large as while as close as possible. Matrix M2 of Figure 3 may illustrate the
transmission beam pattern in the frequency-time domain after the first change process. In

some aspects, an element (i2, j2)of the matrix M2 may be obtain based on following

equations:
i1=i2;
J1=[((j2-1)mod N _Sym* K + M +(@2-D*K]modN, +1
N _Sym

iLi2e[LN,],j1, j2€[LN,]

wherein, il, j1 may represent an element of the matrix M1 before the first change process

in which i1 may represent an old group number that the transmission beam corresponds to

before the first change process, jl may represent an old orthogonal frequency division
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multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the first change process, i2 may represent a new group number that the transmission beam

belongs to after the first change process, j2may represent a new OFDM symbol number

that the transmission beam corresponds to after the first change process, N, may represent

the number of the groups, K may represent the number of sub-groups, N, may represent
the number of the transmission beams in each of the groups, and N _ Sym may represent

the number of the transmission beams in each of the sub-groups.

As illustrated in the matrix M2, transmission beams of group 1 that correspond to
the receiving beam 1 (namely, the transmission beams in sub-group 1 of the group 1) may
be changed from beams 1, 2, 3 and 4 to beams 1, 4, 7 and 10 based on the above equations,
so that the logical index differences for every two adjacent beams (e.g., beams 1 and 4,
beams 4 and 7, beams 7 and 10) may be equalized and maximized. The similar may be
applied to other transmission beams in the group 1 that correspond to other receiving
beams, and/or to other groups.

It may be seen from Figure 5 which schematically illustrates the transmission beam
pattern in AoD-ZoD domain after the first change process in accordance with various
aspects, that the transmission beams of each group that corresponding to one receiving
beam may distribute more evenly in the AoD-ZoD domain. For example, beams 1, 4, 7
and 10 of group 1, beams 16, 19, 22 13 of group 2, beams 31, 34, 25 and 28 of group 3,
and beams 46, 37, 40 and 43 of group 4 that correspond to the receiving beam 1 in the
matrix M2 may distribute more evenly in the AoD-ZoD domain (some of them may cover
lower part of the AoD-ZoD domain) compared to the beams 1, 2, 3 and 4 of group 1,
beams 13, 14, 15 and 16 of group 2, beams 25, 26, 27 and 28 of group 3 and beams 37, 38,
39 and 40 of group 4 that correspond to the receiving beam 1 in matrix M1. The similar
may apply to the beams corresponding to the other receiving beams.

Figure 6 schematically illustrates a second process of changing the transmission
beam pattern in the frequency-time domain, in accordance with various aspects. As
illustrated, matrix M2 may present the transmission beam patter after the first change
process but before the second change process, and matrix M3 may represent the
transmission beam patter after the second change process. In the second change process,
each sub-group in each group may be assigned with a logical index, such as sub-groups 1,
2 and 3 of group 1, sub-groups 1, 2 and 3 of group2, sub-groups 1, 2 and 3 of group 3, and

sub-groups 1, 2 and 3 of group 4. It may be seen from the matrix M2 of Figure 6 that all of
7
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the sub-groups that correspond to the receiving beam 1 may be given to the logical index 1,
and the similar may occur to the sub-groups corresponding to the other receiving beams.

Referring back to Figure 5 which schematically illustrates the transmission beam
pattern in AoD-ZoD domain after the first change process in accordance with various
aspects, most of the transmission beams in the sub-group with the logical index 0 may
distribute in the upper and left part of the AoD-ZoD domain. In order to obtain more
evenly distributed transmission beams for each receiving beam, the beam order of the
matrix M2 may be further adjusted in the second change process. In some aspects, the sub-
group order in each of the groups may be changed, in order to minimize a reoccurrence
rate for the logical indexes of the sub-groups corresponding to the same receiving beam.
The Matrix M3 of Figure 6 may schematically illustrate the sub-group order after the
second change.

In some aspects, an element (i3, j3) of the matrix M3 may be obtained based on
following equations:

i2=1i3;

Jj2 = pattern| P
N _Sym

i2,i3e[1,Ng];j2,j3e[1,NL]

J+1][i3]*N_Sym+(j3—1)rnodN_Sym+1;

pattern| k| = (pattern|1]+ k —1)mod K
wherein, i2, j2 may represent an element of the matrix M2 before the second change

process in which i2 may represent an old group number that the transmission beam

belongs to before the second change process, j2 may represent an old orthogonal

frequency division multiplexing (OFDM) symbol number that the transmission beam
corresponds to before the second change process; i3 may represent a new group number

the transmission beam belongs to after the change process; j3 may represent a new

OFDM symbol that the transmission beam corresponds to after the second change process;

N, represents the number of the groups; K may represent the number of the sub-groups in

each of the groups; k may represent ak” sub-group in the each group; N, may represent
the number of the transmission beams in the each group; N _Sym may represent the

number of the transmission beams in each of the sub-groups. In some aspects,

pattern[1] may be calculated based on a following equation:

pattern[l][i] = (@ —-1)mod K ;
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wherein i may represent i” element of parttern[l] , the number of elements that
pattern[1]has is equal to the number of the groups, N, .

As illustrate in the matrix M3 of Figure 6, the sub-group order corresponding to the
receiving beam 1 may be changed from the sub-groups 1 of groups 1, 2 and 3, into sub-
group 1 of group 1, sub-group 2 of group 2 and sub-group 3 of group 3 and sub-group 1 of
group 4, so that the reoccurrence rate for the sub-group logical indexes corresponding to
one receiving beam (e.g., the receiving beam 1) may be minimized. The similar may be
applied to the sub-groups corresponding to the other receiving beams. As a result,
elements in the group 2 may be cyclic shifted for 4 symbols and elements in the group 3
may be cyclic shifted for 8 symbols, while elements of the groups 1 and 4 remain
unchanged.

It should be understood that other aspects may implement other technologies for

second change process. In some aspects, the pattern[l] may be calculated according to

other methodology. For example, the sub-group order may be changed, so that the
elements in groups 1 and 4 may remain unchanged, while elements in group 2 may be
cyclic shifted for 4 symbols, and elements in group 3 may be cyclic shifted for 8 symbols.

Figure 7 schematically illustrates the transmission beam pattern in AoD-ZoD
domain after the second change process, in accordance with various aspects. As shown in
Figure 7, the transmission beams corresponding to the receiving beam 1, such as the
beams 1, 4, 7 and 10 of group 1, beams 17, 20, 23 and 14 of group 2, beams 33, 36, 27 and
30 of group 3 and beams 46, 37, 40 and 43 of group 4 may distribute more evenly in the
AoD-ZoD domain, so that the missing rate of the best pair of the transmission beam and
the receiving beam may be further reduced while the searching efficiency is increased.

Figure 8 schematically illustrates a method of generating and transmitting a
subframe having beam reference signals (BRSs) mapped on the transmission beams by the
eNB, in accordance with various aspects. In some aspects, the transceiver 103 or other
devices of the eNB 101 may generate the BRSs which may be used to measure channel
state and/or quality of the transmission beams 105 in block 801. In block 802, the control
module 102 or other devices map the BRSs onto the transmission beams 105. In some
aspects, every transmission beam 105 may cover a different AoD-ZoD span as shown in
any of figures 4, 5 and 7, which may be used to carrier different BRS.

In block 803, the control module 102 or other devices may group the transmission

beams 105 into a first matrix in frequency-time domain (e.g., the matrix M1), at least in

9
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part based on the logical indexes assigned to the transmission beams 105. In some aspects,

the transmission beams 105 may be divided into a number of groups (e.g., N, groups) at
least in part based on the number of the transmission beams (e.g., N _ BS transmission
beams) and the number of the OFDM symbols (e.g., N, OFDM symbols), in which each
element (i, j) in the matrix M1 may indicate the transmission beam in the i” group which

may correspond to the j* symbol. Moreover, each group of the transmission beams may

be further divided into a number of sub-groups at least in part based on the number of the
receiving beams 205, with each of the receiving beams 205 corresponding to one sub-
group in each of the groups.

In block 804, the control module 102 or other devices may change the transmission
beam order in at least one of the groups to form a second matrix (e.g., the matrix M2) in
the frequency-time domain. In some aspects, the beam order may be changed so that the
logical index differences between every two adjacent beams in the same sub-group are as
large as and as close as possible. For example, an element (i2, j2) of the matrix M2 may
be obtained based on following equations:

i1=i2;

(j2-1

jlz[((j2—1)rnodN_Sym*K+LN J+(i2—1)*K]rnodNL+1

_Sym
i,i2e[LLN,].jlj2€[LLN,]
wherein, il, j1 may represent an element of the matrix M1 before the first change process

in which i1 may represent an old group number that the transmission beam corresponds to

before the first change process, jl may represent an old orthogonal frequency division

multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the first change process, i2 may represent a new group number that the transmission beam

belongs to after the first change process, j2may represent a new OFDM symbol number

that the transmission beam corresponds to after the first change process, N, may represent

the number of the groups, K may represent the number of sub-groups, N, may represent
the number of the transmission beams in each of the groups, and N _ Sym may represent

the number of the transmission beams in each of the sub-groups.
In block 805, the control module 102 or other devices may further change the sub-

group order in at least one of the groups to form a third matrix (e.g., the matrix M3). In

10
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some aspects, the sub-group order may be changed so that the reoccurrence rate of logical
indexes of the sub-groups corresponding to the same receiving beams may be minimized.

For example, an element (i3, j3) of the matrix M3 may be obtained based on following

equations:
i2=1i3;
. Jj3-1 . .
Jj2 = pattern]| ——— |+ 1][[3]* N _Sym+(j3—-1)mod N _Sym+1;
N _Sym

i2,i3e [I,Ng];jZ, j3e[l,N,]
pattern| k| = (pattern|1]+ k —1)mod K
wherein, i2, j2 may represent an element of the matrix M2 before the second change

process in which i2 may represent an old group number that the transmission beam

belongs to before the second change process, j2 may represent an old orthogonal

frequency division multiplexing (OFDM) symbol number that the transmission beam
corresponds to before the second change process; i3 may represent a new group number
the transmission beam belongs to after the change process; j3 may represent a new
OFDM symbol that the transmission beam corresponds to after the second change process;

N, represents the number of the groups; K may represent the number of the sub-groups in

each of the groups; k may represent ak" sub-group in the each group; N, may represent
the number of the transmission beams in the each group; N _Sym may represent the
number of the transmission beams in each of the sub-groups. In some aspects,
pattern[1] may be calculated based on a following equation:

pattern[l][i] = (@ —-1)mod K ;
wherein i may represent i” element of pattern[l] , the number of elements that

partern[1]has is equal to the number of the groups, N, .

In block 806, the transceiver 103 or other devices may transmit the BRSs to the UE
201 via the transmission beams 105 under the transmission beam pattern controlled by the
control module 102.

As illustrated in Figures 5 and 7, the transmission beams corresponding to the
same receiving beam may distribute more evenly in the AoD-ZoD domain after the above-

stated pattern change method.

11
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It should be understood that other aspects may implement other technologies for

the method in Figure 8. For example, the pattern[1] may be calculated according to other

methodology.

Figure 9 schematically illustrates a method of receiving and acquiring a best pair of
transmission beam-receiving beam by the UE 201, in accordance with various aspects. In
block 901, the transceiver 202 or other devices may receive the BRSs from the eNB 101
via the transmission beams 105. In some aspects, pattern of the Transmission beams 105
may be controlled by the control module 102 as stated in the above with regard to Figure 8.
In block 902, the control module 203 may select the best pair of the transmission beam
and the receiving beam from the transmission beams 105 and the receiving beams 205 at
least in part based on the receiving power of the BRSs (e.g., BRS_RP). In some aspects,
each of the receiving beams may correspond to a part of the transmission beams 105, e.g.,
one sub-group from each group of the transmission beams, rather than all sub-groups from
the each group, the measurement burden may be effectively reduced. Moreover, because
the sub-groups of the transmission beams corresponding to the same receiving beams may
distribute more evenly in the AoD-ZoD domain after the pattern change method as
illustrated in Figure 8, the possibility of missing the best pair may also be effectively
reduced.

In block 903, the transceiver 202 or other devices may receive transmissions from
the eNB 101 through using the best pair of the transmission beam and the receiving beams,
such as the pair obtained in block 902.

Figure 10 schematically illustrates an example system in accordance with various
aspects. In some aspects, the system 1000 may comprise one or more processor(s) 1004,
system control logic 1008 coupled with at least one of the processor(s) 1004, system
memory 1012 coupled with system control logic 1008, non-volatile memory
(NVM)/storage 1016 coupled with system control logic 1008, and a network interface
1020 coupled with system control logic 1008.

Processor(s) 1004 may include one or more single-core or multi-core processors.
Processor(s) 1004 may include any combination of general-purpose processors and
dedicated processors (e.g., graphics processors, application processors, baseband
processors, etc.). In an aspect in which the system 1000 implements the eNB 101,
processors(s) 1004 may be configured to execute one or more aspect(s) as illustrated in

Figures 2-8 in accordance with various aspects. In an aspect in which the system 1000
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implements the UE 201, processors(s) 1004 may be configured to execute one or more
aspect(s) as illustrated in Figure 9 in accordance with various aspects.

System control logic 1008 for one aspect may include any suitable interface
controllers to provide for any suitable interface to at least one of the processor(s) 1004
and/or to any suitable device or component in communication with system control logic
1008.

System control logic 1008 for one aspect may include one or more memory
controller(s) to provide an interface to system memory 1012. System memory 1012 may
be used to load and store data and/or instructions, for example, for system 1000. System
memory 1012 for one aspect may include any suitable volatile memory, such as suitable
dynamic random access memory (DRAM), for example.

NVM/storage 1016 may include one or more tangible, non-transitory computer-
readable media used to store data and/or instructions, for example. NVM/storage 1016
may include any suitable non-volatile memory, such as flash memory, for example, and/or
may include any suitable non-volatile storage device(s), such as one or more hard disk
drive(s) (HDD(s)), one or more compact disk (CD) drive(s), and/or one or more digital
versatile disk (DVD) drive(s), for example.

The NVM/storage 1016 may include a storage resource physically part of a device
on which the system 1000 is installed or it may be accessible by, but not necessarily a part
of, the device. For example, the NVM/storage 1016 may be accessed over a network via
the network interface 1020.

System memory 1012 and NVM/storage 1016 may respectively include, in
particular, temporal and persistent copies of instructions 1024. Instructions 1024 may
include instructions that when executed by at least one of the processor(s) 1004 result in
the system 1000 implementing the method as described with reference to Figure 8 or
Figure 9. In various aspects, instructions 1024, or hardware, firmware, and/or software
components thereof, may additionally/alternatively be located in the system control logic
1008, the network interface 1020, and/or the processor(s) 1004.

In some aspects in which the system 1000 may implement the eNB 101, network
interface 1020 may include the control module 102, the transceiver 103 and/or others as
illustrated in Figure 1, to provide a radio interface for system 1000 to communicate over
one or more network(s) and/or with any other suitable device. In some aspects in which

the system 1000 may implement the UE 201, network interface 1020 may include the
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transceiver 202, the control module 203 and/or others as illustrated in Figure 1, to provide
a radio interface for system 1000 to communicate over one or more network(s) and/or with
any other suitable device. In various aspects, the network interface 1020 may be integrated
with other components of system 1000. For example, the network interface may include a
processor of the processor(s) 1004, memory of the system memory 1012, NVM/Storage of
NVM/Storage 1016, and/or a firmware device (not being illustrated) having instructions
that when executed by at least one of the processor(s) 1004 result in the system 1000
implementing the method as described with reference to Figure 8 or Figure 9.

Network interface 1020 may further include any suitable hardware and/or
firmware, such as a plurality of antennas (e.g., the antenna 104 of eNB 101 or the antenna
204 of UE 201) to provide a multiple input, multiple output radio interface. Network
interface 1020 for one aspect may be, for example, a network adapter, a wireless network
adapter, a telephone modem, and/or a wireless modem.

For one aspect, at least one of the processor(s) 1004 may be packaged together
with logic for one or more controller(s) of system control logic 1008. For one aspect, at
least one of the processor(s) 1004 may be packaged together with logic for one or more
controllers of system control logic 1008 to form a System in Package (SiP). For one
aspect, at least one of the processor(s) 1004 may be integrated on the same die with logic
for one or more controller(s) of system control logic 1008. For one aspect, at least one of
the processor(s) 1004 may be integrated on the same die with logic for one or more
controller(s) of system control logic 1008 to form a System on Chip (SoC).

The system 1000 may further include input/output (I/O) devices 1032. The 1/0
devices 1032 may include user interfaces designed to enable user interaction with the
system 1000, peripheral component interfaces designed to enable peripheral component
interaction with the system 1000, and/or sensors designed to determine environmental
conditions and/or location information related to the system 1000.

In various aspects, the user interfaces could include, but are not limited to, a
display (e.g., a liquid crystal display, a touch screen display, etc.), a speaker, a microphone,
one or more cameras (e.g., a still camera and/or a video camera), a flashlight (e.g., a light
emitting diode flash), and a keyboard.

In various aspects, the peripheral component interfaces may include, but are not

limited to, a non-volatile memory port, an audio jack, and a power supply interface.
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In various aspects, the sensors may include, but are not limited to, a gyro sensor, an
accelerometer, a proximity sensor, an ambient light sensor, and a positioning unit. The
positioning unit may also be part of, or interact with, the network interface 1020 to
communicate with components of a positioning network, e.g., a global positioning system
(GPS) satellite.

In various aspects, the system 1000 may be an eNB (e.g., the eNB 101) and/or a
UE (e.g., the UE 201). In various aspects, the system 1000 may have more or less
components, and/or different architectures.

The disclosure may include various example aspects disclosed below.

In example aspect 1, a method, to be employed by an evolved Node B (eNB), may
comprise mapping beam reference signals (BRSs) onto a plurality of transmission beams;
dividing the transmission beams into a plurality of groups, at least in part based on logical
indexes assigned to the transmission beams; dividing the transmission beams of each of
the groups into a plurality of sub-groups; and changing the transmission beam order in at
least one of the groups, in order to equalize and maximize logical index differences
between every two adjacent transmission beams in the same sub-group.

In example aspect 2, the different transmission beams according to the example
aspect 2 may cover different Azimuth angles of departure (AoD) and Zenith angles of
departure (ZoD).

In example aspect 3, the number of the groups according to any of the example
aspects 1-2 may be determined based on the number of the transmission beams and the
number of orthogonal frequency division multiplexing (OFDM) symbols.

In example aspect 4, the number of the sub-groups according to any of the example
aspects 1-3 may be determined at least in part based on the number of the transmission
beams and/or the number of the transmission beam groups, and one receiving beam of a
user equipment (UE) corresponds to one sub-group of each group of the transmission
beams.

In example aspect 5, the transmission beam order according to any of the example
aspects 1-4 may be changed based on following equations:

i1=i2;

(j2-1)

1= i2—1DmodN _Sym=* K +
J1=1(j2-1) _Sy [N_Sym

]+(@2-D*K]mod N, +1

il,i2€[1,Ngl, j1. j2€[L, N, ]
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wherein, il represents an old group number that the transmission beam corresponds to

before the beam order change, jl represents an old orthogonal frequency division

multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the beam order change, i2 represents a new group number that the transmission beam

belongs to after the beam order change, j2 represents a new OFDM symbol number that
the transmission beam corresponds to after the beam order change, N, represents the

number of the groups, K represents the number of the sub-groups in each of the groups,
N, represents the number of the transmission beams in each of the groups, and N _ Sym

represents the number of the transmission beams in each of the sub-groups.

In example aspect 6, the method according to any of the example aspects 1-5 may
further comprise changing sub-group order in at least one of the groups based on logical
indexes assigned to the sub-groups, in order to minimize a reoccurrence rate for logical
indexes of the sub-groups corresponding to the same receiving beam.

In example aspect 7, the sub-group order according to any of the example aspects
1-6 may be changed based on a following equation:

i2=1i3;

N _Sym
i2,i3€[L,N,], j2,j3€[LN,]

Jj2 = pattern[L&J +1][i3]* N _Sym+(j3-1)mod N _ Sym+1;

pattern| k| = (pattern|1]+ k —1)mod K
wherein, i2 represents an old group number that the transmission beam belongs to before
the sub-group order change, j2 represents an old orthogonal frequency division

multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the sub-group order change; i3 represents a new group number the transmission beam

belongs to after the sub-group order change; j3 represents a new OFDM symbol that the
transmission beam corresponds to after the sub-group order change; N, represents the
number of the groups; K represents the number of the sub-groups in each of the groups;
k represents a k™ sub-group in the each group; N, represents the number of the
transmission beams in the each group; N _ Sym represents the number of the transmission
beams in each of the sub-groups; wherein, pattern[l]is calculated based on a following

equation:

pattern[l][i] = (@ —1)mod K
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wherein i presents i" element of pattern[l], the number of clements that pattern[1]has is
equal to the number of the groups, N, .

In example aspect 8, the method according to any of the example aspects 1-7 may
further comprise transmitting the BRSs via the transmission beams to a user equipment
(UE).

In example aspect 9, a method, to be employed by a user equipment (UE), may
comprise receiving beam reference signals (BRSs) via groups of transmission beams from
an evolved Node (eNB), wherein the transmission beams in each of the groups are divided
into a plurality of sub-groups, so that one of receiving beams of the UE corresponds to one
sub-group of each group of the transmission beams; selecting a pair of a receiving beam
and a transmission beams from the receiving beams and the transmission beams, at least in
part based on receiving power of the BRSs; and receiving information from the eNB via
the pair of the receiving beam and the transmission beams.

In example aspect 10, the different transmission beams according to the example
aspect 9 may cover different Azimuth angles of departure (AoD) and Zenith angles of
departure (ZoD).

In example aspect 11, the number of the groups according to any of the example
aspects 9-10 may be determined based on the number of the transmission beams and the
number of orthogonal frequency division multiplexing (OFDM) symbols.

In example aspect 12, the number of the sub-groups according to any of the
example aspects 9-11 may be determined at least in part based on the number of the
transmission beams and/or the number of the transmission beam groups.

In example aspect 13, the logical index differences between every two adjacent
transmission beams in one sub-group according to any of the example aspects 9-12 may be
equalized and maximized.

In example aspect 14, a reoccurrence rate for logical indexes assigned to the sub-
groups corresponding to the same receiving beam according to any of the example aspects
9-13 may be minimized.

In example aspect 15, an evolved Node B (eNB) may comprise a transceiver, to
map beam reference signals (BRSs) onto a plurality of transmission beams; and a control
module to divide the transmission beams into a plurality of groups, at least in part based
on logical indexes assigned to the transmission beams; divide the transmission beams of
each of the groups into a plurality of sub-groups; and change beam order of the
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transmission beams in at least one of the groups, in order to equalize and maximize logical
index differences between every two adjacent transmission beams in the same sub-group.

In example aspect 16, the different transmission beams according to any of the
example aspect 15 may cover different Azimuth angles of departure (AoD) and Zenith
angles of departure (ZoD).

In example aspect 17, the number of the groups according to any of the example
aspects 15-16 may be determined based on the number of the transmission beams and the
number of orthogonal frequency division multiplexing (OFDM) symbols.

In example aspect 18, the number of the sub-groups according to any of the
example aspects 15-17 may be determined at least in part based on the number of the
transmission beams and/or the number of the transmission beam groups, and one receiving
beam of a user equipment (UE) corresponds to one sub-group of each group of the
transmission beams.

In example aspect 19, the beam order according to any of the example aspects 15-
18 may be changed based on following equations:

il=i2;

(j2-1

jlz[((j2—1)rnodN_Sym*K+LN J+(i2—1)*K]rnodNL+1

_Sym
il,i2€[1,Ng]. jL. j2€[LN, ]

wherein, il represents an old group number that the transmission beam corresponds to
before the beam order change, jl represents an old orthogonal frequency division
multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the beam order change, i2 represents a new group number that the transmission beam

belongs to after the beam order change, j2 represents a new OFDM symbol number that
the transmission beam corresponds to after the beam order change, N, represents the

number of the groups, K represents the number of the sub-groups in each of the groups,
N, represents the number of the transmission beams in each of the groups, and N _ Sym
represents the number of the transmission beams in each of the sub-groups.

In example aspect 20, the control module according to any of the example aspects
15-19 may be further to change sub-group order in at least one of the groups based on
logical indexes assigned to the sub-groups, in order to minimize a reoccurrence rate for

logical indexes of the sub-groups corresponding to the same receiving beam.
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In example aspect 21, the sub-group order according to any of the example aspects
15-20 may be changed based on a following equation:
i2=1i3;

Jj2 = pattern| 37 +1][i3]* N _Sym+(j3-1)mod N _ Sym+1;
N _Sym

i2,i3€[L,N,], j2,j3€[LN,]

pattern| k| = (pattern|1]+ k —1)mod K
wherein, i2 represents an old group number that the transmission beam belongs to before
the sub-group order change, j2 represents an old orthogonal frequency division
multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the sub-group order change; i3 represents a new group number the transmission beam
belongs to after the sub-group order change; j3 represents a new OFDM symbol that the

transmission beam corresponds to after the sub-group order change; N, represents the

number of the groups; K represents the number of the sub-groups in each of the groups;
k represents a k™ sub-group in the each group; N, represents the number of the
transmission beams in the each group; N _ Sym represents the number of the transmission
beams in each of the sub-groups; wherein, pattern[l]is calculated based on a following
equation:

pattern|[1][i] = (@ —1)mod K
wherein i presents i" element of pattern[l], the number of clements that pattern[1]has is

equal to the number of the groups, N, .

In example aspect 22, the transceiver according to any of the example aspects 15-
20 may be further to transmit the BRSs via the transmission beams to a user equipment
(UE).

In example aspect 23, a user equipment (UE) may comprise a transceiver, to
receive beam reference signals (BRSs) via groups of transmission beams from an evolved
Node (eNB), wherein the transmission beams in each of the groups are divided into a
plurality of sub-groups, so that one of receiving beams of the UE corresponds to one sub-
group of each group of the transmission beams; and a control module to select a pair of a
receiving beam and a transmission beams from the receiving beams and the transmission

beams, at least in part based on receiving power of the BRSs; wherein the transceiver is
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further to receive information from the eNB via the pair of the receiving beam and the
transmission beams.

In example aspect 24, the different transmission beams according to the example
aspect 23 may cover different Azimuth angles of departure (AoD) and Zenith angles of
departure (ZoD).

In example aspect 25, the number of the groups according to any of the example
aspects 23-24 may be determined based on the number of the transmission beams and the
number of orthogonal frequency division multiplexing (OFDM) symbols.

In example aspect 26, the number of the sub-groups according to any of the
example aspects 23-25 may be determined at least in part based on the number of the
transmission beams and/or the number of the transmission beam groups.

In example aspect 27, the logical index differences between every two adjacent
transmission beams in one sub-group according to any of the example aspects 23-26 may
be equalized and maximized.

In example aspect 28, a reoccurrence rate for logical indexes assigned to the sub-
groups corresponding to the same receiving beam according to any of the example aspects
23-27 may be minimized.

Although certain aspects have been illustrated and described herein for purposes of
description, a wide variety of alternate and/or equivalent aspects or implementations
calculated to achieve the same purposes may be substituted for the aspects shown and
described without departing from the scope of the present disclosure. This application is
intended to cover any adaptations or variations of the aspects discussed herein. Therefore,
it is manifestly intended that aspects described herein be limited only by the claims and the

equivalents thereof.
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CLAIMS:

What is claimed is:

1. A method, to be employed by a base station, comprising:

Mapping a plurality of beam reference signals (BRSs) onto a plurality of
transmission beams;

dividing the plurality of transmission beams into a plurality of groups, at least in
part based on a plurality of logical indexes assigned to the transmission beams;

dividing the plurality of transmission beams of each of the plurality of groups into
a plurality of sub-groups; and

changing transmission beam order in at least one of the plurality of groups to
equalize and maximize logical index differences between a plurality of transmission

beams adjacent to one another in the sub-group.

2. The method of claim 1, wherein the plurality of transmission beams comprises

different Azimuth angles of departure (AoD) and Zenith angles of departure (ZoD).

3. The method of claim 1, wherein the number of the plurality of groups is
determined at least in part based on a number of the plurality of transmission beams and

the number of orthogonal frequency division multiplexing (OFDM) symbols.

4. The method of claim 1, wherein the number of the plurality of sub-groups is
determined at least in part based on the number of the plurality of transmission beams or
the number of the plurality of groups, and a receiving beam of a user equipment (UE)

corresponds to a sub-group of each group of transmission beams.

5. The method of claim 1, wherein the transmission beam order is changed based on
following equations:
i1=i2;

(j2-1

J1=1((j2-Dmod N _Sym* K + +(2-1)* K]mod N, +1
N _Sym

i,i2e[l,Ng]. j1. j2€[LLN, ]
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wherein, il represents an old group number that the transmission beam corresponds to
before the transmission beam order change, jl1 represents an old orthogonal frequency
division multiplexing (OFDM) symbol number that the transmission beam corresponds to
before the transmission beam order change, i2 represents a new group number that the
transmission beam belongs to after the transmission beam order change, j2 represents a
new OFDM symbol number that the transmission beam corresponds to after the

transmission beam order change, N, represents the number of the groups, K represents

the number of the plurality of sub-groups in each of the plurality of groups, N, represents
the number of the transmission beams in each of the plurality of groups, and N _ Sym

represents the number of the transmission beams in each of the plurality of sub-groups.

6. The method of claim 4, further comprising:

changing sub-group order in at least one of the plurality of groups, at least in part
based on logical indexes assigned to the plurality of sub-groups to minimize a
reoccurrence rate for logical indexes of the plurality of sub-groups corresponding to the

receiving beam.

7. The method of claim 6, wherein the sub-group order is changed based on a
following equation:
i2=i3;

Jj2 = pattern| 37 +1][i3]* N _Sym+(j3-1)mod N _ Sym+1;
N _Sym

i2,i3€[LLN,],j2,j3€[l,N,]

patternlk] = ( pattern[1]+ k —1) mod K
wherein, i2 represents an old group number that the transmission beam belongs to before
the sub-group order change, j2 represents an old orthogonal frequency division

multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the sub-group order change; i3 represents a new group number the transmission beam

belongs to after the sub-group order change; j3 represents a new OFDM symbol that the
transmission beam corresponds to after the sub-group order change; N, represents the
number of the plurality of groups; K represents the number of the plurality of sub-groups

in each of the plurality of groups; k represents a k™ sub-group in the each group; N,
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represents the number of the transmission beams in the each group; N _ Sym represents

the number of the transmission beams in each of the plurality of sub-groups;

wherein, pattern[1]is calculated based on a following equation:
pattern[l][i] = (@ —1)mod K
wherein i presents i"element of pattern[l], the number of clements that pattern[1]has is

equal to the number of the plurality of groups, N, .

8. The method of claim 1, further comprising:

transmitting the BRSs via the transmission beams to a user equipment (UE).

9. The method of claim 1, wherein the base station is an evolved Node B.

10. A method, to be employed by a user equipment (UE), comprising:

receiving a plurality of beam reference signals (BRSs) via a plurality of groups of
transmission beams from a base station, wherein the transmission beams in each of the
groups are divided into a plurality of sub-groups, so that a receiving beam of the UE
corresponds to a sub-group of each group of the transmission beams;

selecting a pair of a receiving beam and a transmission beams from the receiving
beams and the transmission beams, at least in part based on receiving power of the BRSs;
and

receiving information from the base station via the pair of the receiving beam and

the transmission beams.

11. The method of claim 10, wherein different transmission beams cover different

Azimuth angles of departure (AoD) and Zenith angles of departure (ZoD).
12. The method of claim 10, wherein the number of the groups is determined at least in

part based on the number of the transmission beams and the number of orthogonal

frequency division multiplexing (OFDM) symbols.
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13. The method of claim 10, wherein the number of the sub-groups is determined at
least in part based on the number of the transmission beams and/or the number of the

transmission beam groups.

14. The method of claim 10, wherein logical index differences between every two

adjacent transmission beams in one sub-group are equalized and maximized.

15. The method of claim 10, wherein a reoccurrence rate for logical indexes assigned

to the sub-groups corresponding to the same receiving beam is minimized.

16. The method of claim 10, wherein the base station is an evolved Node B.

17. A base station, comprising;

a transceiver, to map a plurality of beam reference signals (BRSs) onto a plurality
of transmission beams; and

a control module to divide the plurality of transmission beams into a plurality of
groups, at least in part based on a plurality of logical indexes assigned to the transmission
beams; divide the plurality of transmission beams of each of the plurality of groups into a
plurality of sub-groups; and change transmission beam order in at least one of the plurality
of groups to equalize and maximize logical index differences between a plurality of

transmission beams adjacent to one another in the sub-group.

18. The base station of claim 17, wherein different transmission beams cover different

Azimuth angles of departure (AoD) and Zenith angles of departure (ZoD).
19. The base station of claim 17, wherein the number of the groups is determined at

least in part based on the number of the transmission beams and the number of orthogonal

frequency division multiplexing (OFDM) symbols.

20. The base station of claim 17, wherein the number of the sub-groups is determined

at least in part based on the number of the transmission beams and/or the number of the
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transmission beam groups, and one receiving beam of a user equipment (UE) corresponds

to one sub-group of each group of the transmission beams.

21. The base station of claim 17, wherein the transmission beam order is changed
based on following equations:
il=i2;

(j2-1

J1=0(j2-1)modN _Sym* K + +(@2-1)*K]mod N, +1
N _Sym

i,i2e[l,Ng]. j1. j2€[LLN,]

wherein, il represents an old group number that the transmission beam corresponds to
before the transmission beam order change, jl1 represents an old orthogonal frequency
division multiplexing (OFDM) symbol number that the transmission beam corresponds to
before the transmission beam order change, i2 represents a new group number that the
transmission beam belongs to after the transmission beam order change, j2 represents a
new OFDM symbol number that the transmission beam corresponds to after the

transmission beam order change, N, represents the number of the groups, K represents

the number of the sub-groups in each of the groups, N, represents the number of the
transmission beams in each of the groups, and N _ Sym represents the number of the

transmission beams in each of the sub-groups.

22. The base station of claim 17, wherein the control module is further to change sub-
group order in at least one of the groups based on logical indexes assigned to the sub-
groups, in order to minimize a reoccurrence rate for logical indexes of the sub-groups

corresponding to the same receiving beam.

23. The base station of claim 22, wherein the sub-group order is changed based on a
following equation:
i2=1i3;

Jj2 = pattern| P
N _Sym

i2,i3€[L,N,], 2, j3[LN,]

J+1][i3]*N_Sym+(j3—1)rnodN_Sym+1;

patternlk] = ( pattern[1]+ k —1) mod K
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wherein, i2 represents an old group number that the transmission beam belongs to before
the sub-group order change, j2 represents an old orthogonal frequency division
multiplexing (OFDM) symbol number that the transmission beam corresponds to before
the sub-group order change; i3 represents a new group number the transmission beam

belongs to after the sub-group order change; j3 represents a new OFDM symbol that the
transmission beam corresponds to after the sub-group order change; N, represents the

number of the groups; K represents the number of the sub-groups in each of the groups;
k represents a k™ sub-group in the each group; N, represents the number of the
transmission beams in the each group; N _ Sym represents the number of the transmission
beams in each of the sub-groups; wherein, pattern[l]is calculated based on a following
equation:

pattern[1][i] = (i —1) mod K
wherein i presents i" element of pattern[1], the number of elements that pattern[1] has is

equal to the number of the groups, N, .

24. The base station of claim 17, wherein the transceiver is further to transmit the

BRSs via the transmission beams to a user equipment (UE).

25. The base station of claim 17, wherein the base station is an evolved Node B.

26. A user equipment (UE), comprising:

a transceiver, to receive beam reference signals (BRSs) via a plurality of groups of
transmission beams from a base station, wherein the transmission beams in each of the
groups are divided into a plurality of sub-groups, so that a receiving beam of the UE
corresponds to a sub-group of each group of the transmission beams; and

a control module to select a pair of a receiving beam and a transmission beams
from the receiving beams and the transmission beams, at least in part based on receiving
power of the BRSs;

wherein, the transceiver is further to receive information from the base station via

the pair of the receiving beam and the transmission beams.

26
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27. The UE of claim 26, wherein different transmission beams cover different Azimuth

angles of departure (AoD) and Zenith angles of departure (ZoD).
28. The UE of claim 26, wherein the number of the groups is determined at least in

part based on the number of the transmission beams and the number of orthogonal

frequency division multiplexing (OFDM) symbols.

29. The UE of claim 26, wherein the number of the sub-groups is determined at least
in part based on the number of the transmission beams and/or the number of the

transmission beam groups.

30. The UE of claim 26, wherein logical index differences between every two adjacent

transmission beams in one sub-group are equalized and maximized.

31. The UE of claim 26, wherein a reoccurrence rate for logical indexes assigned to the

sub-groups corresponding to the same receiving beam is minimized.

32. The UE of claim 26, wherein the base station is an evolved Node B.

27
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