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COMMUNICATION METHOD AND APPARATUS

[0001] This application claims priorities to Chinese Patent Application No. 202210469116.4,
filed with the China National Intellectual Property Administration on April 29, 2022 and entitled
"COMMUNICATION METHOD AND APPARATUS", and to Chinese Patent Application No.
202210969093.3, filed with the China National Intellectual Property Administration on August 12,
2022 and entitled "COMMUNICATION METHOD AND APPARATUS", both of which are
incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the communication field, and in particular, to a

communication method and apparatus.

BACKGROUND

[0003] A network device may obtain uplink channel information of a terminal device by using
a sounding reference signal (sounding reference signal, SRS) sent by the terminal device; or obtain
downlink channel information of the terminal device based on channel reciprocity. Further, the
network device may schedule the terminal device based on the uplink channel information or the
downlink channel information. However, a physical resource used by the terminal device to send
the SRS follows a fixed rule. This is not conducive to interference randomization and is not

conducive to channel estimation.

SUMMARY

[0004] Embodiments of this application provide a communication method and apparatus, to
enhance interference randomization, so as to improve channel estimation performance.

[0005] To achieve the foregoing objective, the following technical solutions are used in this
application.

[0006] According to a first aspect, a communication method is provided. The communication
method includes: sending configuration information; and receiving a reference signal via M
antenna ports based on the configuration information, where the configuration information

indicates a configuration of the reference signal, M is an integer greater than 0, the M antenna
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ports include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, the first offset is an integer greater than 0, and the first offset is
determined based on at least a cell identifier and a time domain resource occupied by the first
antenna port; or the first offset is determined based on a cyclic shift value occupied by the first
antenna port.

[0007] According to the method provided in the first aspect, the comb occupied by the first
antenna port of a terminal device is determined based on the first offset, so that a frequency domain
resource (the comb) occupied by the terminal device may randomly change at different sending
moments. In this way, a terminal device that causes interference to the terminal device randomly
changes. Therefore, frequency-domain interference randomization is implemented, and a better
interference randomization effect can be achieved.

[0008] Alternatively, according to the method provided in the first aspect, the cyclic shift value
is introduced. The comb occupied by the first antenna port is obtained based on the first offset, and
a value of the first offset is related to the cyclic shift value. In this case, the comb occupied by the
first antenna port is affected by the cyclic shift value and the first offset. In this way, a comb and
a cyclic shift value that are occupied by each antenna port change randomly at different sending
moments, and an antenna port that causes interference to the antenna port of the terminal device
also changes randomly at different sending moments. At a same sending moment, antenna ports
that cause interference to different antenna ports of the terminal device are different. In this way,
two-dimensional interference randomization in code domain and in frequency domain can be
implemented, the interference randomization effect can be further enhanced, and an interference
randomization convergence speed can be accelerated.

[0009] In a possible design manner, the first offset is determined based on at least the cell
identifier and the time domain resource occupied by the first antenna port, or the first offset may
be determined based on one or more of the following parameters: a quantity of slots included in
each system frame, a quantity of orthogonal frequency division multiplexing (orthogonal
frequency division multiplexing, OFDM) symbols included in each slot, a comb quantity, and a
comb offset, where the comb quantity is a quantity of combs included in a transmit bandwidth

NSRS biep of the reference signal, and the comb offset is a reference quantity of combs occupied

by the reference signal. In this way, a frequency domain resource (the comb) occupied by the
terminal device may randomly change at different sending moments, so that a terminal device that
causes interference to the terminal device randomly changes.

[0010] In a possible design manner, the time domain resource occupied by the first antenna
port includes one or more OFDM symbols, and the one or more OFDM symbols included in the
time domain resource occupied by the first antenna port may be determined based on one or more
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of the following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

[0011] In other words, a quantity of OFDM symbols included in the time domain resource
occupied by the first antenna port is not limited in this application.

[0012] Optionally, time domain resources occupied by the M antenna ports may be the same
or different.

[0013] In a possible design manner, the first offset may be a first random number. In other
words, the first offset may be a random number. For example, the first offset is a random number
greater than 0.

[0014] In a possible design manner, the first offset or the first random number may satisfy

0, = (X7 c(8(nf1vsf{§gnezv:;$§b + ngfzv;;g’gb + 1o+ ') +m) - 2™)mod Kr¢ : Q, =
(Z=o 6(8(nng:}l,c£b +lo+ 1) +m)-2™)mod Kre 5 Q1 = Yo 0(8(ansflrc?tmeNsssl'cr)rEb +

nE NSO + 1o + 1) +m) - 2™ 0r Qq = X7 c(B(nk NS, + o +1') + m) - 2™,

sym sym
where Q, represents the first offset or the first random number; a mathematical

symbol ) i.: represents summation; c() is a pseudo-random sequence, where the pseudo-

random sequence is related to the cell identifier; ny represents the system frame number

corresponding to the first antenna port; NI2me represents the quantity of the slots included in

each system frame; NSS;,‘r’Ifb represents the quantity of the OFDM symbols included in each slot;

ngf represents the slot number corresponding to the first antenna port; [, + I’ represents the

OFDM symbol number corresponding to the first antenna port, where [, represents an index of a
start OFDM symbol in the one or more OFDM symbols included in the time domain resource
occupied by the first antenna port, and [’ represents a relative index of one OFDM symbol in the
one or more OFDM symbols included in the time domain resource occupied by the first antenna
port; and a mathematical symbol mod represents a modulo operation.

[0015] The comb occupied by the first antenna port of the terminal device is determined based
on the first offset, so that the frequency domain resource (comb) occupied by the terminal device
may randomly change at different sending moments. In this way, a terminal device that causes
interference to the terminal device randomly changes. Therefore, the better interference
randomization effect can be achieved.

[0016] In a possible design manner, the M antenna ports may further include at least one
second antenna port, a comb occupied by the second antenna port may be determined based on at
least a second offset, the second offset is an integer greater than 0, the second offset may be
determined based on at least the cell identifier and a time domain resource occupied by the second
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antenna port, and the second offset is different from the first offset.

[0017] In this way, the comb occupied by the first antenna port of the terminal device is
determined based on the first offset, and the comb occupied by the second antenna port of the
terminal device is determined based on the second offset, so that the comb occupied by the antenna
port of the terminal device randomly changes at different sending moments, and intervals between
a plurality of combs occupied by the antenna ports of the same terminal device may also change
randomly. In this way, antenna ports that cause interference to the antenna port of the terminal
device are random at different sending moments, and antenna ports that cause, at a same sending
moment, interference to antenna ports that are of the terminal device and that occupy different
combs may not be antenna ports of a same terminal device. This implements the frequency-domain
interference randomization, and can further improve a degree of freedom of the frequency domain
resource occupied by the antenna port of the terminal device, to further improve the interference
randomization effect.

[0018] In a possible design manner, the second offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port; or the second
offset may be determined based on one or more of the following parameters: the quantity of the
slots included in each system frame, the quantity of the OFDM symbols included in each slot, the
comb quantity, and the comb offset, where the comb quantity is the quantity of the combs included

in the transmit bandwidth MMSRS,bep of the reference signal, and the comb offset is the reference

quantity of the combs occupied by the reference signal. This can further improve the degree of
freedom of the frequency domain resource occupied by the antenna port of the terminal device, to
further improve the interference randomization effect.

[0019] In a possible design manner, the time domain resource occupied by the second antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols that may be
included in the time domain resource occupied by the second antenna port are determined based
on one or more of the following parameters: a system frame number corresponding to the second
antenna port, a slot number corresponding to the second antenna port, and an OFDM symbol
number corresponding to the second antenna port. In other words, a quantity of OFDM symbols
included in the time domain resource occupied by the second antenna port is not limited in this
application.

[0020] In a possible design manner, the second offset may be a second random number. In
other words, the second offset may be a random number.

[0021] In a possible design manner, the second random number may satisfy Q, =

(Zm=o c(B(np NG Ngyorty + b eNeyor, + Lo + 1) +m + 1) - 2™)mod Kr¢ : Q, =

slot sym sym
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(217n=0 5(8(nngSlOtb +tlh+I)+m+1)- Zm)mod Krc 3 Q2 =Xh=o C(S(ansflrc?tmeNsS;cr)rEb +

sym

nE NS, + 1o+ 1) +m+1)- 2™ 0r Q, = Xooc(B(nkNyom, + 1o + 1) +m+ 1) - 2™,

sym
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n, represents the system frame number corresponding to the second

antenna port; Ngja™® represents the quantity of the slots included in each system frame; N&o%,

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [’ represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation. This can further improve the degree of
freedom of the frequency domain resource occupied by the antenna port of the terminal device, to
further improve the interference randomization effect.

[0022] In a possible design manner, the second offset may be a sum of the first offset and a
third offset, and the third offset is an integer greater than 0. In this way, the comb occupied by the
first antenna port of the terminal device is determined based on the first offset, and the comb
occupied by the second antenna port of the terminal device is determined based on the second
offset, so that the comb occupied by the antenna port of the terminal device randomly changes at
different sending moments, and intervals between a plurality of combs occupied by the antenna
ports of the same terminal device may also change randomly. In this way, antenna ports that cause
interference to the antenna port of the terminal device are random at different sending moments,
and antenna ports that cause, at a same sending moment, interference to antenna ports that are of
the terminal device and that occupy different combs may not be antenna ports of a same terminal
device. This implements the frequency-domain interference randomization, and can further
improve the degree of freedom of the frequency domain resource occupied by the antenna port of
the terminal device, to further improve the interference randomization effect.

[0023] In a possible design manner, the third offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port, or the third offset
may be determined based on one or more of the following parameters: the quantity of the slots
included in each system frame, the quantity of the OFDM symbols included in each slot, the comb
quantity, and the comb offset. This can further improve the degree of freedom of the frequency

domain resource occupied by the antenna port of the terminal device, to further improve the
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interference randomization effect.
[0024] In a possible design manner, the third offset may be a third random number. In other
words, the third offset may be a random number.

[0025] In a possible design manner, the third random number may satisfy A4 =
(270 c(B(y Nefoi™ Noyimy + nbeNgyomy + Lo + 1) +m+ 1) - 2™)mod (Krc/2) 5 4=
(=0 c(BMENS o, + lo + 1) +m + 1) - 2™)mod (Krc/2) ; A=
(o c(B(npNGE NSO, + nb NSOy + 1o + 1)) +m) - 2™)mod (Kr¢/2) 5  or =

(Zm=o c(B(nk Neory, + 1o + 1) + m) - 2™)mod (Krc/2),
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n, represents the system frame number corresponding to the second

slot

antenna port; Nf3™€ represents the quantity of the slots included in each system frame; Ngymb

slot

represents the quantity of the OFDM symbols included in each slot; n’s‘,f represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [’ represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation. This can further improve the degree of
freedom of the frequency domain resource occupied by the antenna port of the terminal device, to
further improve the interference randomization effect.

[0026] In a possible design manner, that the first offset is determined based on a cyclic shift
value occupied by the first antenna port may include: The first offset is determined based on a
range to which the cyclic shift value belongs.

[0027] In this way, the comb occupied by the antenna port is obtained based on the first offset,
where the value of the first offset is related to the cyclic shift value. In this case, the comb occupied
by the antenna port is affected by the cyclic shift value and the first offset, so that a comb and a
cyclic shift value that are occupied by each antenna port change randomly at different sending
moments, and an antenna port that causes interference to the antenna port of the terminal device
also changes randomly at different sending moments. At a same sending moment, antenna ports
that cause interference to different antenna ports of the terminal device are different. The two-
dimensional interference randomization in code domain and in frequency domain can be
implemented, the interference randomization effect can be further enhanced, and the interference

randomization convergence speed can be accelerated.
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[0028] In addition, due to introduction of the cyclic shift value, interference levels of
interference caused by antenna port p, of UE x to antenna port p, of UEy may still vary greatly
at different sending moments. In this way, an excellent interference randomization effect can be
ensured.

[0029] In a possible design manner, a start position of a frequency domain resource occupied
by each of the M antenna ports may be determined based on at least a fourth offset, where the
fourth offset is an integer greater than 0, and the fourth offset may be determined based on at least
the cell identifier and an index of a frequency hopping periodicity corresponding to the reference
signal.

[0030] In this way, when the start position of the frequency domain resource occupied by the
antenna port is determined, the fourth offset is introduced, so that the start position of the frequency
domain resource occupied by each antenna port may randomly change in different frequency
hopping periodicities, and an antenna port that causes interference to an antenna port of a terminal
device also randomly changes, to implement the frequency-domain interference randomization.
This brings a good interference randomization effect, can further accelerate the interference
randomization convergence speed, and can further improve channel estimation performance.
[0031] In a possible design manner, the fourth offset may be a fourth random number. In other
words, the fourth offset may be a random number.

[0032] In a possible design manner, the fourth random number may satisfy ky.,ng =
(217n=0 c(8 [nSRs/ng,szS;hop Ner +m)- zm) mod Pg ; or Krana =

Yh=0c(8 lnSRs/Hg,nghop Nb,J +m) - 2™,

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

Bsrs

related to the cell identifier; \&‘ represents the index of the frequency hopping
br=byqp b

operation; ngrs represents a count value of the reference signal; a mathematical symbol [T:

represents a product of a sequence; and the mathematical symbol mod indicates a modulo
operation. This can further accelerate the interference randomization convergence speed, and can
further improve the channel estimation performance.

[0033] According to a second aspect, a communication method is provided. The
communication method includes: receiving configuration information; and sending a reference
signal via M antenna ports based on the configuration information, where the configuration
information indicates a configuration of the reference signal, M is an integer greater than 0, the M
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antenna ports include at least one first antenna port, a comb occupied by the first antenna port is
determined based on at least a first offset, the first offset is an integer greater than 0, and the first
offset is determined based on at least a cell identifier and a time domain resource occupied by the
first antenna port; or the first offset is determined based on a cyclic shift value occupied by the
first antenna port.

[0034] In a possible design manner, the first offset may be determined based on at least the
cell identifier and the time domain resource occupied by the first antenna port; or the first offset
may be determined based on one or more of the following parameters: a quantity of slots included
in each system frame, a quantity of orthogonal frequency division multiplexing OFDM symbols
included in each slot, a comb quantity, and a comb offset, where the comb quantity is a quantity

of combs included in a transmit bandwidth SRS bpep of the reference signal, and the comb offset

is a reference quantity of combs occupied by the reference signal.

[0035] In a possible design manner, the time domain resource occupied by the first antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols included in
the time domain resource occupied by the first antenna port are determined based on one or more
of the following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

[0036] In a possible design manner, the first offset may be a first random number.

[0037] In a possible design manner, the first random number may satisfy Q; =

(Zm=o c(B(ne NG NGpony, + néeNayory + Lo + 1) +m) - 2™ )mod Krc : 0, =

slot sym sym

(o cBMENS N, + 1o+ 1) +m) - 2™)mod Kre 5 Q1 = Xheo c(B(p NG Ny +

slot sym

nE NSO + 1o + 1) +m) - 2™ or Qq = X7 c(B(nk NSt + lo + ') + m) - 2™,

sym sym
where Q, represents the first random number; a mathematical symbol Y i
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; ny represents the system frame number corresponding to the first

frame

antenna port; Ngo - represents the quantity of the slots included in each system frame; NSS;,%b

represents the quantity of the OFDM symbols included in each slot; n’s‘,f represents the slot
number corresponding to the first antenna port; [, + 1" represents the OFDM symbol number
corresponding to the first antenna port, where [, represents an index of a start OFDM symbol in
the one or more OFDM symbols included in the time domain resource occupied by the first antenna
port, and 1" represents a relative index of one OFDM symbol in the one or more OFDM symbols
included in the time domain resource occupied by the first antenna port; and a mathematical

symbol mod represents a modulo operation.
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[0038] In a possible design manner, the M antenna ports may further include at least one
second antenna port, a comb occupied by the second antenna port may be determined based on at
least a second offset, the second offset is an integer greater than 0, the second offset is determined
based on at least the cell identifier and a time domain resource occupied by the second antenna
port, and the second offset is different from the first offset.

[0039] In a possible design manner, the second offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port; or the second
offset may be determined based on one or more of the following parameters: the quantity of the
slots included in each system frame, the quantity of the OFDM symbols included in each slot, the
comb quantity, and the comb offset, where the comb quantity is the quantity of the combs included

in the transmit bandwidth MSRS,bep of the reference signal, and the comb offset is the reference

quantity of the combs occupied by the reference signal.

[0040] In a possible design manner, the time domain resource occupied by the second antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols that may be
included in the time domain resource occupied by the second antenna port may be determined
based on one or more of the following parameters: a system frame number corresponding to the
second antenna port, a slot number corresponding to the second antenna port, and an OFDM
symbol number corresponding to the second antenna port.

[0041] In a possible design manner, the second offset may be a second random number.
[0042] In a possible design manner, the second random number may satisfy Q, =
(Zmzo c(B(neNEAMENSON + b NSOL + 1o + 1) + m + 1) - 2™)mod Kr¢ ; Q, =

(ZTh=0 cBMENy, + Lo + 1) +m +1) - 2™ )mod Kre ; Q2 = Tn=o (B Neit" Noyonp +

sym

nE NS, + 1o+ 1) +m+1)- 2™ 0r Q, = Xoc(B(n Ny, + 1o + 1) +m+1) - 2™,

sym
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n; represents the system frame number corresponding to the second

antenna port; Ngja™® represents the quantity of the slots included in each system frame; N9t

represents the quantity of the OFDM symbols included in each slot; n’s‘,f represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [' represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the

mathematical symbol mod represents a modulo operation.
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[0043] In a possible design manner, the second offset may be a sum of the first offset and a
third offset, and the third offset is an integer greater than 0.

[0044] In a possible design manner, the third offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port, or the third offset
may be determined based on one or more of the following parameters: the quantity of the slots
included in each system frame, the quantity of the OFDM symbols included in each slot, the comb

quantity, and the comb offset.

[0045] In a possible design manner, the third offset may be a third random number.

[0046] In a possible design manner, the third random number may satisfy A4 =
(Zi=0 C(B(e N Neyory, + i Not, + Lo + 1) + m + 1) - 2™)mod (Krc/2) =
(o c(BMENS o, + 1o+ 1) +m + 1) - 2™)mod (Krc/2) ; =
(Zh=0 c(By Nggi ™ Neyon + g Ny + Lo + 1) + m) - 2™)mod (Krc/2) 5 or A=

(Z=o C(B(MNSom, + Lo + 1) +m) - 2™)mod (Krc/2),

sym
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n; represents the system frame number corresponding to the second

antenna port; NIame represents the quantity of the slots included in each system frame; Nssjl,‘r’rfb

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [’ represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation.

[0047] In a possible design manner, that the first offset is determined based on a cyclic shift
value occupied by the first antenna port may include: The first offset is determined based on a
range to which the cyclic shift value belongs.

[0048] In a possible design manner, a start position of a frequency domain resource occupied
by each of the M antenna ports is determined based on at least a fourth offset, where the fourth
offset is an integer greater than 0, and the fourth offset is determined based on at least the cell
identifier and an index of a frequency hopping periodicity corresponding to the reference signal.
[0049] In a possible design manner, the fourth offset may be a fourth random number.

[0050] In a possible design manner, the fourth random number may satisfy kpynq =
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(217n=0 c(8 [nSRs/Hl;,Sthop Ner +m)- zm) mod P ; or Krand =

Yh=0c(8 lnSRs/Hgfﬁhop Nb,J +m) - 2™,

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

Bsrs
br=byqp br

related to the cell identifier; \&‘ represents the index of the frequency hopping

operation; ngrs represents a count value of the reference signal; a mathematical symbol H
represents a product of a sequence; and the mathematical symbol mod indicates a modulo
operation.

[0051] In addition, for technical effects of the communication method according to the second
aspect, refer to the technical effects of the method according to any possible implementation of the
first aspect. Details are not described herein again.

[0052] According to a third aspect, a communication method is provided. The communication
method includes: sending configuration information; and receiving a reference signal via M
antenna ports based on the configuration information, where the configuration information
indicates a configuration of the reference signal, and a start position of a frequency domain
resource occupied by each of the M antenna ports is determined based on at least a fourth offset,
where the fourth offset is an integer greater than 0, and the fourth offset is determined based on at
least a cell identifier and an index of a frequency hopping periodicity corresponding to the
reference signal.

[0053] In a possible design manner, the fourth offset may be a fourth random number.

[0054] In a possible design manner, the fourth random number may satisfy kpang =
( Zn:O c(8 [nSRS/Hgfsjghop Nle +m) - Zm) mod P ; or krana =

Yh=0c(8 lnSRs/Hgfﬁhop Nb,J +m) - 2™,

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

Bsrs
br=byq, br

related to the cell identifier; \&‘ represents the index of the frequency hopping

operation; ngrs represents a count value of the reference signal; a mathematical symbol 1'[
represents a product of a sequence; and a mathematical symbol mod indicates a modulo operation.

[0055] In addition, for technical effects of the communication method according to the third
1



10

15

20

25

30

aspect, refer to the technical effects of the method according to any possible implementation of the
first aspect. Details are not described herein again.

[0056] According to a fourth aspect, a communication method is provided. The
communication method includes: receiving configuration information; and sending a reference
signal via M antenna ports based on the configuration information, where the configuration
information indicates a configuration of the reference signal, and a start position of a frequency
domain resource occupied by each of the M antenna ports is determined based on at least a fourth
offset, where the fourth offset is an integer greater than 0, and the fourth offset is determined based
on at least a cell identifier and an index of a frequency hopping periodicity corresponding to the
reference signal.

[0057] In a possible design manner, the fourth offset may be a fourth random number.

[0058]  In a possible design manner, the fourth random number may satisfy kp.ang =
(217n=0 c(8 [nSRs/ng,szhop Ner +m)- zm) mod Pg ; or Krana =

im0 €(8 |nsrs/TTps5, . Noo| +m) - 2™,

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

Bgrs

related to the cell identifier; l&‘ represents the index of the frequency hopping
br=byq bt

represents a product of a sequence; and a mathematical symbol mod indicates a modulo operation.
[0059] In addition, for technical effects of the communication method according to the fourth
aspect, refer to the technical effects of the method according to any possible implementation of the
first aspect. Details are not described herein again.
[0060] According to a fifth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the sending module is configured to send configuration information, where the
configuration information indicates a configuration of a reference signal; and

the receiving module is configured to receive the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, the first offset is an integer greater than 0, and the first offset is
determined based on at least a cell identifier and a time domain resource occupied by the first
antenna port; or the first offset is determined based on a cyclic shift value occupied by the first
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antenna port.

[0061] In a possible design manner, the first offset may be determined based on at least the
cell identifier and the time domain resource occupied by the first antenna port; or the first offset
may be determined based on one or more of the following parameters: a quantity of slots included
in each system frame, a quantity of orthogonal frequency division multiplexing OFDM symbols
included in each slot, a comb quantity, and a comb offset, where the comb quantity is a quantity

of combs included in a transmit bandwidth SRS bep of the reference signal, and the comb offset

is a reference quantity of combs occupied by the reference signal.

[0062] In a possible design manner, the time domain resource occupied by the first antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols included in
the time domain resource occupied by the first antenna port are determined based on one or more
of the following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

[0063] In a possible design manner, the first offset may be a first random number.

[0064] In a possible design manner, the first random number may satisfy Q; =

m

(Z=0 c(B(ny Nggi™ Neyony + g eNeyonp + Lo + ') +m) - 2™ )mod Ko ! Q=
(o cBMENS o, + 1o+ 1) +m) - 2™)mod Kre 5 Q1 = Xheo c(B(p NG NSOy +

sym slot sym

nE NSO + 1o + 1) +m) - 2™ or Qq = X7 c(B(nh NSt + o + ') + m) - 2™,

sym sym
where Q, represents the first random number; a mathematical symbol Y i
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; ny represents the system frame number corresponding to the first

frame

antenna port; Ngo - represents the quantity of the slots included in each system frame; NSS;,%b

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the first antenna port; [, + 1" represents the OFDM symbol number
corresponding to the first antenna port, where [, represents an index of a start OFDM symbol in
the one or more OFDM symbols included in the time domain resource occupied by the first antenna
port, and 1" represents a relative index of one OFDM symbol in the one or more OFDM symbols
included in the time domain resource occupied by the first antenna port; and a mathematical
symbol mod represents a modulo operation.

[0065] In a possible design manner, the M antenna ports may further include at least one
second antenna port, a comb occupied by the second antenna port may be determined based on at
least a second offset, the second offset is an integer greater than 0, the second offset is determined

based on at least the cell identifier and a time domain resource occupied by the second antenna
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port, and the second offset is different from the first offset.

[0066] In a possible design manner, the second offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port; or the second
offset may be determined based on one or more of the following parameters: the quantity of the
slots included in each system frame, the quantity of the OFDM symbols included in each slot, the
comb quantity, and the comb offset, where the comb quantity is the quantity of the combs included

in the transmit bandwidth MMSRS,bep of the reference signal, and the comb offset is the reference

quantity of the combs occupied by the reference signal.

[0067] In a possible design manner, the time domain resource occupied by the second antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols that may be
included in the time domain resource occupied by the second antenna port may be determined
based on one or more of the following parameters: a system frame number corresponding to the
second antenna port, a slot number corresponding to the second antenna port, and an OFDM
symbol number corresponding to the second antenna port.

[0068] In a possible design manner, the second offset may be a second random number.
[0069] In a possible design manner, the second random number may satisfy Q, =
(Tmzo c(B(neNIAMENSON + nb NSOL + 1o + 1) + m + 1) - 2™)mod Kr¢ ; Q, =

(o c(BMENS N, + 1o+ 1) +m+1) - 2™)mod Kr¢ ; Qz = Ximo c(B(np NG Ny +

sym slot sym

nE NS, + 1o+ 1) +m+1) 2™ 0r Q, = Xoc(B(nk Ny, + 1o + 1) +m+1) - 2™,

sym sym
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n; represents the system frame number corresponding to the second

frame

antenna port; Ngo - represents the quantity of the slots included in each system frame; NSS;,%b

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [' represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation.

[0070] In a possible design manner, the second offset may be a sum of the first offset and a
third offset, and the third offset is an integer greater than 0.

[0071] In a possible design manner, the third offset may be determined based on at least the

cell identifier and the time domain resource occupied by the second antenna port, or the third offset
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may be determined based on one or more of the following parameters: the quantity of the slots
included in each system frame, the quantity of the OFDM symbols included in each slot, the comb
quantity, and the comb offset.

[0072] In a possible design manner, the third offset may be a third random number.

[0073] In a possible design manner, the third random number may satisfy A4 =

(Zmzo c(B(neNEAMENSOG + nb NSOY + 1o + 1) + m + 1) - 2™)mod (K7c/2) =

slot sym sym
(o c(BMENS o, + 1o + 1) +m + 1) - 2™)mod (Krc/2) ; =

(Z=0 cBy Nggi ™ Neyon + g Ny + Lo + 1) +m) - 2™)mod (Krc/2) 5 or A=

(Zieo cBMENSSS, + I + 1) +m) - 2™)mod (Krc/2),
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n; represents the system frame number corresponding to the second

slot

antenna port; NIame represents the quantity of the slots included in each system frame; Ngymb

S

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [’ represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation.

[0074] In a possible design manner, that the first offset is determined based on a cyclic shift
value occupied by the first antenna port may include: The first offset is determined based on a
range to which the cyclic shift value belongs.

[0075] In a possible design manner, a start position of a frequency domain resource occupied
by each of the M antenna ports may be determined based on at least a fourth offset, where the
fourth offset is an integer greater than 0, and the fourth offset is determined based on at least the
cell identifier and an index of a frequency hopping periodicity corresponding to the reference
signal.

[0076] In a possible design manner, the fourth offset may be a fourth random number.

[0077] In a possible design manner, the fourth random number may satisfy k.,,q =
(217n=0 c(8 [nSRs/Hl;,Sthop Ner +m)- zm) mod Pg ; or Krana =

Yh=0c(8 lnSRs/Hg,nghop Nb,J +m) - 2™,
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represents summation; c¢() is a pseudo-random sequence, where the pseudo-random sequence is

Bsrs

related to the cell identifier; lLSN‘ represents the index of the frequency hopping
br=byqp b

operation; nggrs represents a count value of the reference signal; a mathematical symbol []:
represents a product of a sequence; and the mathematical symbol mod indicates a modulo
operation.
[0078] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[0079] Optionally, the communication apparatus according to the fifth aspect may further
include a processing module and a storage module. The storage module stores a program or
instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the fifth aspect is enabled to perform the method according
to the first aspect.
[0080] It should be noted that the communication apparatus according to the fifth aspect may
be a network device, or may be a chip (system) or another part or component that can be disposed
in the network device. This is not limited in this application.
[0081] In addition, for technical effects of the communication apparatus according to the fifth
aspect, refer to the technical effects of the method according to any possible implementation of the
first aspect. Details are not described herein again.
[0082] According to a sixth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the receiving module is configured to receive configuration information, where the
configuration information indicates a configuration of a reference signal; and

the sending module is configured to send the reference signal via M antenna ports based
on the configuration information, where M is an integer greater than 0, the M antenna ports include
at least one first antenna port, a comb occupied by the first antenna port is determined based on at
least a first offset, the first offset is an integer greater than 0, and the first offset is determined
based on at least a cell identifier and a time domain resource occupied by the first antenna port; or
the first offset is determined based on a cyclic shift value occupied by the first antenna port.
[0083] In a possible design manner, the first offset may be determined based on at least the
cell identifier and the time domain resource occupied by the first antenna port; or the first offset

may be determined based on one or more of the following parameters: a quantity of slots included
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in each system frame, a quantity of orthogonal frequency division multiplexing OFDM symbols
included in each slot, a comb quantity, and a comb offset, where the comb quantity is a quantity

of combs included in a transmit bandwidth SRS, bpep of the reference signal, and the comb offset

is a reference quantity of combs occupied by the reference signal.

[0084] In a possible design manner, the time domain resource occupied by the first antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols included in
the time domain resource occupied by the first antenna port are determined based on one or more
of the following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to

the first antenna port.

[0085] In a possible design manner, the first offset may be a first random number.

[0086] In a possible design manner, the first random number may satisfy Q, =
(Ern=0 cBnyNgiot™ Neymy, + 1 Ny, + Lo + 1) + m) - 2 )mod Kr ; Qi =
(o cBMENS N, + 1o+ 1) +m) - 2™)mod Kre 5 Q1 = Xheo c(B(p NG Ny +

nE NSO + 1o + 1) +m) - 2™ or Qq = X7 c(B(n NS, + o + 1) + m) - 2™,

sym
where Q, represents the first random number; a mathematical symbol Y i
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; ny represents the system frame number corresponding to the first

antenna port; Ngja™® represents the quantity of the slots included in each system frame; N&o%,

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the first antenna port; [, + 1" represents the OFDM symbol number
corresponding to the first antenna port, where [, represents an index of a start OFDM symbol in
the one or more OFDM symbols included in the time domain resource occupied by the first antenna
port, and 1" represents a relative index of one OFDM symbol in the one or more OFDM symbols
included in the time domain resource occupied by the first antenna port; and a mathematical
symbol mod represents a modulo operation.

[0087] In a possible design manner, the M antenna ports may further include at least one
second antenna port, a comb occupied by the second antenna port may be determined based on at
least a second offset, the second offset is an integer greater than 0, the second offset is determined
based on at least the cell identifier and a time domain resource occupied by the second antenna
port, and the second offset is different from the first offset.

[0088] In a possible design manner, the second offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port; or the second

offset may be determined based on one or more of the following parameters: the quantity of the
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slots included in each system frame, the quantity of the OFDM symbols included in each slot, the
comb quantity, and the comb offset, where the comb quantity is the quantity of the combs included

in the transmit bandwidth MMSRS,bep of the reference signal, and the comb offset is the reference

quantity of the combs occupied by the reference signal.

[0089] In a possible design manner, the time domain resource occupied by the second antenna
port may include one or more OFDM symbols, and the one or more OFDM symbols that may be
included in the time domain resource occupied by the second antenna port may be determined
based on one or more of the following parameters: the system frame number corresponding to the
second antenna port, the slot number corresponding to the second antenna port, and an OFDM
symbol number corresponding to the second antenna port.

[0090] In a possible design manner, the second offset may be a second random number.
[0091] In a possible design manner, the second random number may satisfy Q, =
(Zmzo c(B(neNEAMENSON + nb NSOL + 1o + 1) + m + 1) - 2™)mod Kr¢ ; Q=

(o c(BMENS N, + 1o+ 1) +m+1) - 2™)mod Kr¢ ; Qz = Xeo c(B(np NG Ny +

sym slot sym

nE NS, + 1o+ 1) +m+1) 2™ 0r Q, = X c(B(nk Ny, + 1o + 1) +m+ 1) - 2™,

sym sym
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n; represents the system frame number corresponding to the second

frame

antenna port; Ngo¢ - represents the quantity of the slots included in each system frame; NSS;‘I’IEb

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [’ represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation.

[0092] In a possible design manner, the second offset may be a sum of the first offset and a
third offset, and the third offset is an integer greater than 0.

[0093] In a possible design manner, the third offset may be determined based on at least the
cell identifier and the time domain resource occupied by the second antenna port, or the third offset
may be determined based on one or more of the following parameters: the quantity of the slots
included in each system frame, the quantity of the OFDM symbols included in each slot, the comb
quantity, and the comb offset.

[0094] In a possible design manner, the third offset may be a third random number.
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[0095] In a possible design manner, the third random number may satisfy A4 =

(Zmzo c(B(neNEAMENSOG + nb NSIOY + 1o + 1) + m + 1) - 2™)mod (K7c/2) A=
(=0 c(BMENS o, + lo + 1) + m + 1) - 2™)mod (Krc/2) ; 4=
(Zmzo c(B(ne NEAMENSON + nb NSOL + 1o + 1)) +m) - 2™)mod (Krc/2) ; of A=

(Shco cBMENS o, + o + 1) +m) - 2™)mod (Krc/2),

sym
represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; n; represents the system frame number corresponding to the second

antenna port; Ngja™® represents the quantity of the slots included in each system frame; N&o%,

represents the quantity of the OFDM symbols included in each slot; ngf represents the slot

number corresponding to the second antenna port; I, + 1" represents the OFDM symbol number
corresponding to the second antenna port, where [, represents an index of a start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port, and [’ represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the second antenna port; and the
mathematical symbol mod represents a modulo operation.

[0096] In a possible design manner, that the first offset is determined based on a cyclic shift
value occupied by the first antenna port may include: The first offset is determined based on a
range to which the cyclic shift value belongs.

[0097] In a possible design manner, a start position of a frequency domain resource occupied
by each of the M antenna ports may be determined based on at least a fourth offset, where the
fourth offset is an integer greater than 0, and the fourth offset is determined based on at least the
cell identifier and an index of a frequency hopping periodicity corresponding to the reference
signal.

[0098] In a possible design manner, the fourth offset may be a fourth random number.

[0099] In a possible design manner, the fourth random number may satisfy kyang =
(217n=0 c(8 [nSRs/ng,szS;hop Ner +m) - zm) mod Pg ; or Krand =

Yh=0c(8 lnSRs/Hg,nghop Nb,J +m) - 2™,

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

related to the cell identifier; \&‘ represents the index of the frequency hopping

Bsrs
br=byqp br
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operation; ngrs represents a count value of the reference signal; a mathematical symbol H
represents a product of a sequence; and the mathematical symbol mod indicates a modulo
operation.
[00100] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00101] Optionally, the communication apparatus in the sixth aspect may further include a
processing module and a storage module. The storage module stores a program or instructions.
When the processing module executes the program or the instructions, the communication
apparatus according to the sixth aspect is enabled to perform the method according to the second
aspect.
[00102] It should be noted that the communication apparatus according to the sixth aspect may
be a terminal device, or may be a chip (system) or another part or component that can be disposed
in the terminal device. This is not limited in this application.
[00103] Inaddition, for technical effects of the communication apparatus according to the sixth
aspect, refer to the technical effects of the method according to any possible implementation of the
second aspect. Details are not described herein again.
[00104] According to a seventh aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the sending module is configured to send configuration information, where the
configuration information indicates a configuration of a reference signal; and

the receiving module is configured to receive the reference signal via M antenna ports
based on the configuration information, where a start position of a frequency domain resource
occupied by each of the M antenna ports is determined based on at least a fourth offset, where the
fourth offset is an integer greater than 0, and the fourth offset is determined based on at least a cell
identifier and an index of a frequency hopping periodicity corresponding to the reference signal.
[00105] Ina possible design manner, the fourth offset may be a fourth random number.

[00106] In a possible design manner, the fourth random number may satisfy k.ang =
(217n=0 c(8 [nSRs/Hl;,Sthop Ner +m)- zm) mod P ; or Krand =

im0 €(8 |nsrs/TTps5, . Noo| +m) - 2™,

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is
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Bgrs

related to the cell identifier; lLSN‘ represents the index of the frequency hopping
br=byq bt

operation; nggrs represents a count value of the reference signal; a mathematical symbol []:
represents a product of a sequence; and the mathematical symbol mod indicates a modulo
operation.
[00107] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00108] Optionally, the communication apparatus in the seventh aspect may further include a
processing module and a storage module. The storage module stores a program or instructions.
When the processing module executes the program or the instructions, the communication
apparatus according to the seventh aspect is enabled to perform the method according to the third
aspect.
[00109] It should be noted that the communication apparatus according to the seventh aspect
may be a network device, or may be a chip (system) or another part or component that can be
disposed in the network device. This is not limited in this application.
[00110] In addition, for technical effects of the communication apparatus according to the
seventh aspect, refer to the technical effects of the method according to any possible
implementation of the third aspect. Details are not described herein again.
[00111] According to an eighth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the receiving module is configured to receive configuration information, where the
configuration information indicates a configuration of a reference signal; and

the sending module is configured to send the reference signal via M antenna ports based
on the configuration information, where a start position of a frequency domain resource occupied
by each of the M antenna ports is determined based on at least a fourth offset, where the fourth
offset is an integer greater than 0, and the fourth offset is determined based on at least a cell
identifier and an index of a frequency hopping periodicity corresponding to the reference signal.
[00112] Ina possible design manner, the fourth offset may be a fourth random number.

[00113] In a possible design manner, the fourth random number may satisfy kyang =
(=0 (8 |nsrs /TS, Now| +m) - 2™ ) mod P ; or Krana =
im0 (8 |nsrs/TTps5, . Noo| +m) - 2™,
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represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

Bsrs

related to the cell identifier; l&‘ represents the index of the frequency hopping
br=byq b

operation; ngrs represents a count value of the reference signal; a mathematical symbol H
represents a product of a sequence; and a mathematical symbol mod indicates a modulo operation.
[00114] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.

[00115] Optionally, the communication apparatus according to the eighth aspect may further
include a processing module and a storage module. The storage module stores a program or
instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the eighth aspect is enabled to perform the method
according to the fourth aspect.

[00116] Itshould be noted that the communication apparatus according to the eighth aspect may
be a terminal device, or may be a chip (system) or another part or component that can be disposed
in the terminal device. This is not limited in this application.

[00117] In addition, for technical effects of the communication apparatus according to the
eighth aspect, refer to the technical effects of the method according to any possible implementation
of the fourth aspect. Details are not described herein again.

[00118] According to a ninth aspect, a communication method is provided. The method
includes: sending configuration information of a reference signal; and receiving the reference
signal via M antenna ports based on the configuration information, where M is an integer greater
than 0, the M antenna ports include at least one first antenna port, a comb occupied by the first
antenna port is determined based on at least a first offset, and the first offset is determined based
on at least a time domain resource occupied by the first antenna port and/or a frequency domain
resource occupied by the first antenna port.

[00119] According to a tenth aspect, acommunication method is provided. The method includes:
receiving configuration information of a reference signal; and sending the reference signal via M
antenna ports based on the configuration information, where M is an integer greater than 0, the M
antenna ports include at least one first antenna port, a comb occupied by the first antenna port is
determined based on at least a first offset, and the first offset is determined based on at least a time

domain resource occupied by the first antenna port and/or a frequency domain resource occupied
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by the first antenna port.

[00120] According to the method provided in the ninth aspect or the tenth aspect, the comb
occupied by the first antenna port of a terminal device is determined based on the first offset, so
that the comb occupied by the antenna port of the terminal device may randomly change at
different sending moments and/or on different frequency domain resources. In this way, an antenna
port of a terminal device that causes interference to the antenna port of the terminal device
randomly changes. Therefore, interference randomization is implemented, and a better
interference randomization effect can be achieved.

[00121] Optionally, that a comb occupied by the first antenna port is determined based on at
least a first offset may include: The comb occupied by the first antenna port may be determined
based on an initial value of the comb occupied by the first antenna port and the first offset.
[00122] Optionally, the first offset is an integer greater than 0.

[00123] Optionally, the initial value of the comb occupied by the first antenna port is configured
by using higher layer signaling RRC.

[00124] In a possible design manner, the first offset includes a first random number and/or a
fifth random number, the first random number is determined based on at least the time domain
resource occupied by the first antenna port, and the fifth random number is determined based on
at least the frequency domain resource occupied by the first antenna port.

[00125] In a possible design manner, that the first random number is determined based on at
least the time domain resource occupied by the first antenna port includes: The first random
number is determined based on one of a plurality of first correspondences and the time domain
resource occupied by the first antenna port, and the first correspondence includes a correspondence
between at least one first random number and at least one time domain resource. Optionally, the
first random number may be replaced with a first variable.

[00126] In a possible design manner, each of the plurality of first correspondences includes a
plurality of first variables, values of the plurality of first variables are different from each other,
values of first variables included in a plurality of first correspondences are the same, and
correspondences between the plurality of first variables and a plurality of time domain resources
are different.

[00127] In a possible design manner, one frequency hopping periodicity includes at least one
time of reference signal sending, and the correspondence between at least one first random number
and at least one time domain resource includes: a correspondence between the at least one first
random number and a relative number of the at least one time of reference signal sending in the
frequency hopping periodicity.

[00128] In a possible design manner, the correspondence between at least one first random

23



10

15

20

25

30

number and at least one time domain resource includes: a correspondence between the at least one
first random number and an index of at least one frequency hopping periodicity. In a possible
design manner, that the first random number is determined based on at least the time domain
resource occupied by the first antenna port includes: The first random number is determined based
on the time domain resource occupied by the first antenna port and a pseudo-random sequence.
[00129] In a possible design manner, the first random number is further determined based on
one or more of the following parameters: a quantity of slots included in each system frame, a
quantity of OFDM symbols included in each slot, a comb quantity, and a comb offset, where the
comb quantity is a quantity of combs included in a transmit bandwidth of the reference signal, and
the comb offset is a reference quantity of combs occupied by the reference signal.

[00130] In a possible design manner, the first random number satisfies Q; =

(27— c(8(anSflr§‘tmeNSS;,‘I’§b + nngSS;,‘r’Ifb + 1y + 1) +m) - 2™)mod Kr¢ ; Q.=
(TmeocBmE NS, + 1o+ 1) +m) - 2™)mod Kre i Q1 = Sheo c(B(ne Na"* Noyony +

nE NSy + 1o + 1) +m) - 2™ or Qq = X7 -0 c(8(nk Noowy + lo +1') + m) - 2™,

sym
where Q, represents the first random number, a mathematical symbol } i
represents summation, a mathematical symbol mod represents a modulo operation, c() is the

pseudo-random sequence, n, represents a system frame number corresponding to the first

antenna port, Nfame represents a quantity of slots in each system frame, Nss}l,‘r’rfb represents a

quantity of OFDM symbols in each slot, ngf represents a slot number corresponding to the first

antenna port, [, represents an index of a start OFDM symbol in one or more OFDM symbols
included in the time domain resource occupied by the first antenna port, I’ represents a relative
index of one OFDM symbol in the one or more OFDM symbols included in the time domain
resource occupied by the first antenna port, and Kt represents the comb quantity.

[00131] In a possible design manner, that the fifth random number is determined based on at
least the frequency domain resource occupied by the first antenna port includes: The fifth random
number is determined based on one of a plurality of second correspondences and the frequency
domain resource occupied by the first antenna port, and the second correspondence includes a
correspondence between at least one fifth random number and at least one frequency domain
resource. Optionally, the fifth random number may be replaced with a fifth variable.

[00132] In a possible design manner, each of the plurality of second correspondences includes
a plurality of fifth variables, values of the plurality of fifth variables are different from each other,
values of fifth variables included in a plurality of first correspondences are the same, and
correspondences between the plurality of fifth variables and a plurality of time domain resources

are different.

24



10

15

20

25

30

35

[00133] In a possible design manner, that the fifth random number is determined based on at
least the frequency domain resource occupied by the first antenna port includes: The fifth random
number is determined based on the frequency domain resource occupied by the first antenna port
and a pseudo-random sequence.

[00134] In a possible design manner, the fifth random number satisfies Q; = (37,_, c(8k +
m) - 2™)mod Ky¢;or Q3 = Y7 _oc(8k + m) - 2™,

represents summation, the mathematical symbol mod represents a modulo operation, c() is the
pseudo-random sequence, k represents an index of a frequency hopping bandwidth and/or an
index of a transmit bandwidth that correspond/corresponds to the frequency domain resource
occupied by the first antenna port, and K. represents the comb quantity.

[00135] In a possible design manner, the time domain resource occupied by the first antenna
port includes one or more orthogonal frequency division multiplexing OFDM symbols, and the
one or more OFDM symbols included in the time domain resource occupied by the first antenna
port are determined based on one or more of the following parameters: the system frame number
corresponding to the first antenna port, the slot number corresponding to the first antenna port, and
an OFDM symbol number corresponding to the first antenna port.

[00136] In a possible design manner, an index of a frequency hopping periodicity in which the
time domain resource is located is determined based on the time domain resource occupied by the
first antenna port; or a relative index of the time domain resource in one corresponding frequency
hopping periodicity is determined based on the time domain resource occupied by the first antenna
port, where the relative index may be defined as follows: A relative index of a k™ time of sending
in one frequency hopping periodicity is k-1.

[00137] In a possible design manner, the frequency domain resource occupied by the first
antenna port includes one or more sub-bandwidths, and the one or more sub-bandwidths included
in the frequency domain resource occupied by the first antenna port are determined based on one
or more of the following parameters: the index of the frequency hopping bandwidth corresponding
to the first antenna port, and the index of the transmit bandwidth corresponding to the first antenna
port.

[00138] In a possible design manner, an index of a frequency hopping bandwidth in which the
frequency domain resource is located is determined based on the frequency domain resource
occupied by the first antenna port, or an index of one subband corresponding to the frequency
domain resource is determined based on the frequency domain resource occupied by the first
antenna port, where the index of the subband may be defined as follows: A sounding bandwidth

of the first antenna port corresponds to a*b RBs, and may be divided into a subbands whose
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granularities are b, where the subbands are numbered in ascending order of frequencies, including
{0, ..., a-1}.

[00139] In a possible design manner, the M antenna ports further include at least one second
antenna port, a comb occupied by the second antenna port is determined based on at least a second
offset, the second offset is determined based on at least a time domain resource occupied by the
second antenna port and/or a frequency domain resource occupied by the second antenna port, and
the second offset is different from the first offset.

[00140] Optionally, the second offset is an integer greater than 0.

[00141] Optionally, initial comb values of the first antenna port and the second antenna port are
different.

[00142] Optionally, that a comb occupied by the second antenna port is determined based on at
least a second offset may include: The comb occupied by the second antenna port may be
determined based on an initial value of the comb occupied by the second antenna port and the
second offset.

[00143] Optionally, the initial value of the comb occupied by the second antenna port is
configured by using higher layer signaling RRC.

[00144] Inapossible design manner, the second offset includes a second random number and/or
a sixth random number, the second random number is determined based on at least the time domain
resource occupied by the second antenna port, and the sixth random number is determined based
on at least the frequency domain resource occupied by the second antenna port.

[00145] Ina possible design manner, that the second random number is determined based on at
least the time domain resource occupied by the second antenna port includes: The second random
number is determined based on one of a plurality of third correspondences and the time domain
resource occupied by the second antenna port, and the third correspondence includes a
correspondence between at least one second random number and at least one time domain resource.
[00146] In a possible design manner, one frequency hopping periodicity includes at least one
time of reference signal sending, and the correspondence between at least one second random
number and at least one time domain resource includes: a correspondence between the at least one
second random number and a relative number of the at least one time of reference signal sending
in the frequency hopping periodicity.

[00147] Ina possible design manner, the correspondence between at least one second random
number and at least one time domain resource includes: a correspondence between the at least one
second random number and an index of at least one frequency hopping periodicity.

[00148] Ina possible design manner, that the second random number is determined based on at
least the time domain resource occupied by the second antenna port includes: The second random
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number is determined based on the time domain resource occupied by the second antenna port and
a pseudo-random sequence.

[00149] Ina possible design manner, the second random number is further determined based on
one or more of the following parameters: the quantity of the slots included in each system frame,
the quantity of the OFDM symbols included in each slot, the comb quantity, and the comb offset,
where the comb quantity is the quantity of the combs included in the transmit bandwidth of the
reference signal, and the comb offset is the reference quantity of the combs occupied by the
reference signal.

[00150] In a possible design manner, the second random number satisfies Q, =

(Zm=o c(B(ne NG Ngyorty + nbNeyor, + Lo + 1) +m + 1) - 2™)mod Kr¢ : Q, =

slot sym sym

(o c(BMENS N, + 1o+ 1) +m+1) - 2™)mod Kr¢ 5 Qz = Xmo c(B(ny NG Ny +

sym slot sym

nE NS, + 1o+ 1) +m+1) 2™ 0r Q, = Xoc(B(nNyom, + 1o + 1) +m+1) - 2™,

sym sym
represents summation, the mathematical symbol mod represents a modulo operation, c() is the

pseudo-random sequence, n, represents a system frame number corresponding to the second

frame slot

antenna port, N5 represents the quantity of the slots in each system frame, Ns;mb represents

the quantity of the OFDM symbols in each slot, ngf represents a slot number corresponding to

the second antenna port, [, represents an index of a start OFDM symbol in one or more OFDM
symbols included in the time domain resource occupied by the second antenna port, I’ represents
a relative index of one OFDM symbol in the one or more OFDM symbols included in the time
domain resource occupied by the second antenna port, and Kyc represents the comb quantity.
[00151] In a possible design manner, that the sixth random number is determined based on at
least the frequency domain resource occupied by the second antenna port includes: The sixth
random number is determined based on one of a plurality of fourth correspondences and the
frequency domain resource occupied by the second antenna port, where the fourth correspondence
includes a correspondence between at least one sixth random number and at least one frequency
domain resource.

[00152] In a possible design manner, that the sixth random number is determined based on at
least the frequency domain resource occupied by the second antenna port includes: The sixth
random number is determined based on the frequency domain resource occupied by the second
antenna port and a pseudo-random sequence.

[00153] In a possible design manner, the sixth random number satisfies Q, = (X7,-,c(8k +
m) - 2™mod Ky¢; or Qu =Y/ _,c(8k +m)-2™, where Q, represents the sixth random

number, the mathematical symbol }::.: represents summation, the mathematical symbol mod
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represents a modulo operation, c() is the pseudo-random sequence, k represents an index of a
frequency hopping bandwidth and/or an index of a transmit bandwidth that
correspond/corresponds to the frequency domain resource occupied by the second antenna port,
and K. represents the comb quantity.

[00154] In a possible design manner, the second offset is determined based on the first offset
and a third offset.

[00155] In a possible design manner, the second offset is a sum of the first offset and a third
offset, and the third offset is an integer greater than 0.

[00156] In a possible design manner, the third offset is a pre-configured constant.

[00157] In a possible design manner, the third offset is determined based on at least the time
domain resource occupied by the second antenna port and/or the frequency domain resource
occupied by the second antenna port.

[00158] In a possible design manner, the third offset includes a third random number and/or a
seventh random number, the third random number is determined based on at least the time domain
resource occupied by the second antenna port, and the seventh random number is determined based
on at least the frequency domain resource occupied by the second antenna port.

[00159] In a possible design manner, that the third random number is determined based on at
least the time domain resource occupied by the second antenna port includes: The third random
number is determined based on one of a plurality of fifth correspondences and the time domain
resource occupied by the second antenna port, and the fifth correspondence includes a
correspondence between at least one third random number and at least one time domain resource.
[00160] In a possible design manner, each of the plurality of fifth correspondences includes a
plurality of third variables, values of the plurality of third variables are different from each other,
values of third variables included in a plurality of fifth correspondences are the same, and
correspondences between the plurality of third variables and a plurality of time domain resources
are different.

[00161] In a possible design manner, one frequency hopping periodicity includes at least one
time of reference signal sending, and the correspondence between at least one third random number
and at least one time domain resource includes: a correspondence between the at least one third
random number and a relative number of the at least one time of reference signal sending in the
frequency hopping periodicity.

[00162] In a possible design manner, the correspondence between at least one third random
number and at least one time domain resource includes: a correspondence between the at least one
third random number and an index of at least one frequency hopping periodicity.

[00163] In a possible design manner, that the third random number is determined based on at
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least the time domain resource occupied by the second antenna port includes: The third random
number is determined based on the time domain resource occupied by the second antenna port and
a pseudo-random sequence.

[00164] In a possible design manner, the third random number is further determined based on
one or more of the following parameters: the quantity of the slots included in each system frame,
the quantity of the OFDM symbols included in each slot, the comb quantity, and the comb offset,
where the comb quantity is the quantity of the combs included in the transmit bandwidth of the
reference signal, and the comb offset is the reference quantity of the combs occupied by the
reference signal.

[00165] In a possible design manner, the third random number satisfies A4 =

(o c(B(np NG NSO, + nb NSO, + 1o + 1) + m + 1) - 2™)mod (K7c/2) A=
(Tm=oc(B(nE NS, + 1o + 1) +m + 1) - 2™)mod (Kr¢/2) ; A=
(Zh=0 c(By Nggi ™ Neyony + g Ny + Lo + 1) + m) - 2™)mod (Krc/2) 5 or A=

(Zmo C(B(ME NS, + Lo + 1) +m) - 2™)mod (Krc/2),

sym
represents summation, the mathematical symbol mod represents a modulo operation, c() is the

pseudo-random sequence, n; represents the system frame number corresponding to the second

antenna port, Nfame represents the quantity of the slots included in each system frame, NSS;‘I’IEb

represents the quantity of the OFDM symbols included in each slot, ngf represents the slot

number corresponding to the second antenna port, [, represents the index of the start OFDM
symbol in the one or more OFDM symbols included in the time domain resource occupied by the
second antenna port, I’ represents the relative index of the OFDM symbol in the one or more
OFDM symbols included in the time domain resource occupied by the second antenna port, and
Kyc represents the comb quantity.

[00166] In a possible design manner, that the seventh random number is determined based on
at least the frequency domain resource occupied by the second antenna port includes: The seventh
random number is determined based on one of a plurality of sixth correspondences and the
frequency domain resource occupied by the second antenna port, and the sixth correspondence
includes a correspondence between at least one seventh random number and at least one frequency
domain resource.

[00167] In a possible design manner, that the seventh random number is determined based on
at least the frequency domain resource occupied by the second antenna port includes: The seventh
random number is determined based on the frequency domain resource occupied by the second

antenna port and a pseudo-random sequence.
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[00168] Inapossible design manner, the seventh random number satisfies 4, = (X7,_, c(8k +
m+1)-2™mod (Krc/2) ; or A, =7 _,c(8k +m)-2™)mod (Krc/2) , where 4,
represents the seventh random number, the mathematical symbol Y i} represents summation,
c() isthe pseudo-random sequence, the mathematical symbol mod represents a modulo operation,
k represents the index of the frequency hopping bandwidth and/or the index of the transmit
bandwidth that correspond/corresponds to the frequency domain resource occupied by the second
antenna port, and K¢ represents the comb quantity.

[00169] Ina possible design manner, the time domain resource occupied by the second antenna
port includes the one or more OFDM symbols, and the one or more OFDM symbols included in
the time domain resource occupied by the second antenna port are determined based on one or
more of the following parameters: the system frame number corresponding to the second antenna
port, the slot number corresponding to the second antenna port, and an OFDM symbol number
corresponding to the second antenna port.

[00170] In a possible design manner, the frequency domain resource occupied by the second
antenna port includes one or more sub-bandwidths, and the one or more sub-bandwidths included
in the frequency domain resource occupied by the second antenna port are determined based on
one or more of the following parameters: the index of the frequency hopping bandwidth
corresponding to the second antenna port, and the index of the transmit bandwidth corresponding
to the second antenna port.

[00171] According to an eleventh aspect, a communication method is provided. The method
includes: sending configuration information of a reference signal; and receiving the reference
signal via M antenna ports based on the configuration information, where M is an integer greater
than 0, the M antenna ports include at least one first antenna port, a start position of a frequency
domain resource occupied by the first antenna port is determined based on at least a fourth offset,
and the fourth offset is determined based on at least a time domain resource occupied by the first
antenna port and a pseudo-random sequence; or the fourth offset is determined based on one of a
plurality of ninth correspondences and a time domain resource occupied by the first antenna port,
the ninth correspondence includes a correspondence between at least one fourth offset and at least
one time domain resource, and the plurality of ninth correspondences correspond to a same
frequency scaling factor.

[00172] According to a twelfth aspect, a communication method is provided. The method
includes: receiving configuration information of a reference signal; and sending the reference
signal via M antenna ports based on the configuration information, where M is an integer greater
than 0, the M antenna ports include at least one first antenna port, a start position of a frequency

domain resource occupied by the first antenna port is determined based on at least a fourth offset,
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and the fourth offset is determined based on at least a time domain resource occupied by the first
antenna port and a pseudo-random sequence; or the fourth offset is determined based on one of a
plurality of ninth correspondences and a time domain resource occupied by the first antenna port,
the ninth correspondence includes a correspondence between at least one fourth offset and at least
one time domain resource, and the plurality of ninth correspondences correspond to a same
frequency scaling factor.

[00173] According to the communication method provided in the eleventh aspect or the twelfth
aspect, when the start position of the frequency domain resource occupied by the antenna port is
determined, the fourth offset is introduced, so that the start position of the frequency domain
resource occupied by each antenna port may randomly change on different time domain resources,
an antenna port that causes interference to an antenna port of a terminal device also randomly
changes, to implement frequency-domain interference randomization. This brings a good
interference randomization effect, can accelerate an interference randomization convergence speed,
and can improve channel estimation performance.

[00174] Optionally, that a start position of a frequency domain resource occupied by the first
antenna port is determined based on at least a fourth offset may include: The start position of the
frequency domain resource occupied by the first antenna port is determined based on an initial
value of the start position of the frequency domain resource occupied by the first antenna port and
the fourth offset.

[00175] Optionally, the initial value of the start position of the frequency domain resource
occupied by the first antenna port is configured by using higher layer signaling RRC.

[00176] In a possible design manner, the fourth offset is a fourth random number.

[00177] In a possible design manner, the fourth random number satisfies k.,,q =

(7m0 €(8 |nsks/TIES, . Nos| +m) - 2™) mod Py ; or Krana =

I=bh0p

Y —oc(8 lnSRS/Hﬁszhop Nb,l + m) - 2™, where k.,,q represents the fourth random number, a

mathematical symbol ) :. represents summation, c() is the pseudo-random sequence,

NSRS

Bsrs
l_[b’=bhop

‘ represents an index of a frequency hopping periodicity corresponding to the
br

count value of the reference signal, a mathematical symbol []:i.i represents a product of a
sequence, and a mathematical symbol mod indicates a modulo operation.

[00178] According to a thirteenth aspect, a communication method is provided. The method
includes: sending configuration information of a reference signal; and receiving the reference
signal via M antenna ports based on the configuration information, where M is an integer greater
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than 0, the M antenna ports include at least one first antenna port, a cyclic shift value of the first
antenna port is determined based on at least a first code domain offset, and the first code domain
offset is determined based on at least a time domain resource occupied by the first antenna port
and/or a frequency domain resource occupied by the first antenna port.

[00179] According to a fourteenth aspect, a communication method is provided. The method
includes: receiving configuration information of a reference signal; and sending the reference
signal via M antenna ports based on the configuration information, where M is an integer greater
than 0, the M antenna ports include at least one first antenna port, a cyclic shift value of the first
antenna port is determined based on at least a first code domain offset, and the first code domain
offset is determined based on at least a time domain resource occupied by the first antenna port
and/or a frequency domain resource occupied by the first antenna port.

[00180] According to the communication method provided in the thirteenth aspect or the
fourteenth aspect, the cyclic shift value of the first antenna port of a terminal device is determined
based on the first code domain offset, so that the cyclic shift value of the antenna port of the
terminal device may randomly change at different sending moments and/or on different frequency
domain resources. In this way, an antenna port of a terminal device that causes interference to the
antenna port of the terminal device randomly changes. Therefore, interference randomization is
implemented, and a better interference randomization effect can be achieved.

[00181] Optionally, that a cyclic shift value of the first antenna port is determined based on at
least a first code domain offset may include: The cyclic shift value of the first antenna port is
determined based on an initial value of the cyclic shift value of the first antenna port and the first
code domain offset.

[00182] Optionally, the initial value of the cyclic shift value of the first antenna port is
configured by using higher layer signaling RRC.

[00183] In a possible design manner, the first code domain offset includes a first code domain
random number and/or a second code domain random number, the first code domain random
number is determined based on at least the time domain resource occupied by the first antenna
port, and the second code domain random number is determined based on at least the frequency
domain resource occupied by the first antenna port.

[00184] In a possible design manner, that the first code domain random number is determined
based on at least the time domain resource occupied by the first antenna port includes: The first
code domain random number is determined based on one of a plurality of seventh correspondences
and the time domain resource occupied by the first antenna port, and the seventh correspondence
includes a correspondence between at least one first code domain random number and at least one

time domain resource.
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[00185] In a possible design manner, each of the plurality of seventh correspondences includes
a plurality of first code domain random numbers, values of the plurality of first code domain
random numbers are different from each other, values of first code domain random numbers
included in a plurality of first correspondences are the same, and correspondences between the
plurality of first code domain random numbers and a plurality of time domain resources are
different.

[00186] In a possible design manner, one frequency hopping periodicity includes at least one
time of reference signal sending, and the correspondence between at least one first code domain
random number and at least one time domain resource includes: a correspondence between the at
least one first code domain random number and a relative number of the at least one time of
reference signal sending in the frequency hopping periodicity.

[00187] Ina possible design manner, the correspondence between at least one first code domain
random number and at least one time domain resource includes: a correspondence between the at
least one first code domain random number and an index of at least one frequency hopping
periodicity.

[00188] In a possible design manner, that the first code domain random number is determined
based on at least the time domain resource occupied by the first antenna port includes: The first
code domain random number is determined based on the time domain resource occupied by the
first antenna port and a pseudo-random sequence.

[00189] In a possible design manner, the first code domain random number is further
determined based on one or more of the following parameters: a quantity of slots included in each
system frame, a quantity of OFDM symbols included in each slot, a comb quantity, and a comb
offset, where the comb quantity is a quantity of combs included in a transmit bandwidth of the
reference signal, and the comb offset is a reference quantity of combs occupied by the reference
signal.

[00190] In a possible design manner, the first code domain random number satisfies A; =

(Zm=o c(B(npNEZENSON + nb NSOL + 1o + 1) +m) - 2™)modY ; A =
(Zh=ocBMéNgymy + Lo +1) +m) - 2M)modY 5 Ay = X7 o c(8(ne NIE Neyony +
nE NS, +lo+1)+m)-2™ Ay =37 oc(BMENSo, + o+ 1) +m) 2™ A=
 (Bhce cBUpNIAMe NS, + nb NS, + Lo + ) +m) - 2™ )mody ) ; A =

2 ’ . 2
(B0 c(B(ntNgyos, + Lo + 1) +m) - 2™)modY ) 5 Ay =22 57,0 c(B(ny NS NSyon, +

né Negomn + 1o +1) +m) - 2™ or A; = %”ZZn:o c(8(nk NS, + lo + 1) +m) - 2™,

sym sym

where A; represents the first code domain random number, a mathematical symbol

33



10

15

20

25

30

Y. i} represents summation, a mathematical symbol mod represents a modulo operation, c() is

the pseudo-random sequence, n, represents a system frame number corresponding to the first

antenna port, Nfame represents a quantity of slots in each system frame, Nssjl,‘r’rfb represents a

quantity of OFDM symbols in each slot, ngf represents a slot number corresponding to the first
antenna port, [, represents an index of a start OFDM symbol in one or more OFDM symbols
included in the time domain resource occupied by the first antenna port, I’ represents a relative
index of one OFDM symbol in the one or more OFDM symbols included in the time domain
resource occupied by the first antenna port, Y is a maximum quantity of that is of supported antenna
ports and that is multiplexed through cyclic shifting on one comb, a quantity of Fourier transform
points, or a quantity of subcarriers occupied by the first antenna port on one OFDM symbol.
[00191] Inapossible design manner, that the second code domain random number is determined
based on at least the frequency domain resource occupied by the first antenna port includes: The
second code domain random number is determined based on one of a plurality of eighth
correspondences and the frequency domain resource occupied by the first antenna port, and the
eighth correspondence includes a correspondence between at least one second code domain
random number and at least one frequency domain resource.
[00192] Inapossible design manner, that the second code domain random number is determined
based on at least the frequency domain resource occupied by the first antenna port includes: The
second code domain random number is determined based on the frequency domain resource
occupied by the first antenna port and a pseudo-random sequence.
[00193] Ina possible design manner, the second code domain random number satisfies:

A, = (X7 _oc(8k +m)-2™)modY;

Ay, =Y7 _oc(8k + m)-2™;

A, = 27” (X7 —oc(8k +m)-2™)mod Y); or

Ay = ¥hoc(8k +m)-2m,

where A, represents the second code domain random number, the mathematical
symbol Y i represents summation, the mathematical symbol mod represents a modulo operation,
c() is the pseudo-random sequence, k represents an index of a frequency hopping bandwidth
and/or an index of a transmit bandwidth that correspond/corresponds to the frequency domain
resource occupied by the first antenna port, Y is the maximum quantity that is of supported antenna
ports and that is multiplexed through cyclic shifting on one comb, the quantity of the Fourier
transform points, or the quantity of the subcarriers occupied by the first antenna port on one OFDM
symbol.
[00194] In a possible design manner, M reference signal ports include a plurality of first
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reference signal ports, and on a time domain resource and/or a frequency domain resource, the
plurality of first reference signal ports correspond to a same first code domain offset.

[00195] In a possible design manner, a value of the cyclic shift value satisfies a €
{0,1,..,K XY —1},and Y isamaximum quantity ncse . of antenna ports multiplexed through
cyclic shifting on one comb, or a quantity of cyclic shift values that can be configured by using a
higher-layer parameter on one comb, and a value of Y is determined based on a configured
quantity of reference signal combs, and K is an integer greater than 1. Alternatively, a value of the
cyclic shift value satisfies @ € {0,1,...,Y — 1}, Y is a quantity M of Fourier transform points,
M=2%, x is a positive integer, and a value of M is determined based on a system bandwidth or a
sounding bandwidth of the reference signal. Alternatively, a value of the cyclic shift value satisfies
a €{0,1,..,Y — 1}, and Y is a quantity of subcarriers occupied by the first antenna port on one
OFDM symbol.

[00196] In a possible design manner, the time domain resource occupied by the first antenna
port includes one or more orthogonal frequency division multiplexing OFDM symbols, and the
one or more OFDM symbols included in the time domain resource occupied by the first antenna
port are determined based on one or more of the following parameters: the system frame number
corresponding to the first antenna port, the slot number corresponding to the first antenna port, and
an OFDM symbol number corresponding to the first antenna port.

[00197] In a possible design manner, the frequency domain resource occupied by the first
antenna port includes one or more sub-bandwidths, and the one or more sub-bandwidths included
in the frequency domain resource occupied by the first antenna port are determined based on one
or more of the following parameters: the index of the frequency hopping bandwidth corresponding
to the first antenna port, and the index of the transmit bandwidth corresponding to the first antenna
port.

[00198] In a possible design manner, the M antenna ports further include at least one second
antenna port, a cyclic shift value of the second antenna port is determined based on at least a second
code domain offset, the second code domain offset is determined based on at least a time domain
resource occupied by the second antenna port and/or a frequency domain resource occupied by the
second antenna port, and the second code domain offset is different from the first code domain
offset.

[00199] Initial cyclic shift values of the first antenna port and the second antenna port are
configured to be the same, and on at least one time domain resource and/or frequency domain
resource, the first code domain offset of the first antenna port is different from the second code
domain offset of the second antenna port. For example, on the first time domain resource and the

second time domain resource, intervals between the cyclic shift values of the first antenna port and
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the second antenna port are different. Alternatively, on the first frequency domain resource and the
second frequency domain resource, intervals between the cyclic shift values of the first antenna
port and the second antenna port are different.

[00200] In a possible design manner, the second code domain offset includes a third code
domain random number and/or a fourth code domain random number, the third code domain
random number is determined based on at least the time domain resource occupied by the second
antenna port, and the fourth code domain random number is determined based on at least the
frequency domain resource occupied by the second antenna port.

[00201] In a possible design manner, that the third code domain random number is determined
based on at least the time domain resource occupied by the second antenna port includes: The third
code domain random number is determined based on one of a plurality of seventeenth
correspondences and the time domain resource occupied by the second antenna port, and the one
seventeenth correspondence includes a correspondence between at least one third code domain
random number and at least one time domain resource.

[00202] In a possible design manner, one frequency hopping periodicity includes at least one
time of reference signal sending, and the correspondence between at least one third code domain
random number and at least one time domain resource includes: a correspondence between the at
least one third code domain random number and a relative number of the at least one time of
reference signal sending in the frequency hopping periodicity.

[00203] Inapossible design manner, the correspondence between at least one third code domain
random number and at least one time domain resource includes: a correspondence between the at
least one third code domain random number and an index of at least one frequency hopping
periodicity.

[00204] In a possible design manner, that the third code domain random number is determined
based on at least the time domain resource occupied by the second antenna port includes: The third
code domain random number is determined based on the time domain resource occupied by the
second antenna port and a pseudo-random sequence.

[00205] In a possible design manner, the third code domain random number is further
determined based on one or more of the following parameters: the quantity of the slots included in
each system frame, the quantity of the OFDM symbols included in each slot, the comb quantity,
and the comb offset, where the comb quantity is the quantity of the combs included in the transmit
bandwidth of the reference signal, and the comb offset is the reference quantity of the combs
occupied by the reference signal.

[00206] Ina possible design manner, that the fourth code domain random number is determined
based on at least the frequency domain resource occupied by the second antenna port includes:
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The fourth code domain random number is determined based on one of a plurality of eighteenth
correspondences and the frequency domain resource occupied by the second antenna port, and the
one eighteenth correspondence includes a correspondence between at least one sixth random
number and at least one frequency domain resource.
[00207] Ina possible design manner, that the fourth code domain random number is determined
based on at least the frequency domain resource occupied by the second antenna port includes:
The fourth code domain random number is determined based on the frequency domain resource
occupied by the second antenna port and a pseudo-random sequence.
[00208] According to a fifteenth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the sending module is configured to send configuration information of a reference
signal; and the receiving module is configured to receive the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, and the first offset is determined based on at least a time domain
resource occupied by the first antenna port and/or a frequency domain resource occupied by the
first antenna port.
[00209] It should be noted that all related content of the steps in any possible implementation
of the ninth aspect may be cited in function descriptions of corresponding functional modules.
Details are not described herein again.
[00210] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00211] Optionally, the communication apparatus according to the fifteenth aspect may further
include a processing module and a storage module. The storage module stores a program or
instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the fifteenth aspect is enabled to perform the method
according to any possible implementation of the ninth aspect.
[00212] It should be noted that the communication apparatus according to the fifteenth aspect
may be a network device, or may be a chip (system) or another part or component that can be
disposed in the network device. This is not limited in this application.
[00213] In addition, for technical effects of the communication apparatus according to the
fifteenth aspect, refer to the technical effects of the method according to any possible
implementation of the ninth aspect. Details are not described herein again.
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[00214] According to a sixteenth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the receiving module is configured to receive configuration information of a reference
signal; and the sending module is configured to send the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, and the first offset is determined based on at least a time domain
resource occupied by the first antenna port and/or a frequency domain resource occupied by the
first antenna port.
[00215] It should be noted that all related content of the steps in any possible implementation
of the tenth aspect may be cited in function descriptions of corresponding functional modules.
Details are not described herein again.
[00216] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00217] Optionally, the communication apparatus according to the sixteenth aspect may further
include a processing module and a storage module. The storage module stores a program or
instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the sixteenth aspect is enabled to perform the method
according to any possible implementation of the tenth aspect.
[00218] It should be noted that the communication apparatus according to the sixteenth aspect
may be a terminal device, or may be a chip (system) or another part or component that can be
disposed in the terminal device. This is not limited in this application.
[00219] In addition, for technical effects of the communication apparatus according to the
sixteenth aspect, refer to the technical effects of the method according to any possible
implementation of the tenth aspect. Details are not described herein again.
[00220] According to a seventeenth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the sending module is configured to send configuration information of a reference
signal; and the receiving module is configured to receive the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a start position of a frequency domain resource occupied by
the first antenna port is determined based on at least a fourth offset, and the fourth offset is
determined based on at least a time domain resource occupied by the first antenna port and a
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pseudo-random sequence; or the fourth offset is determined based on one of a plurality of ninth
correspondences and a time domain resource occupied by the first antenna port, the ninth
correspondence includes a correspondence between at least one fourth offset and at least one time
domain resource, and the plurality of ninth correspondences correspond to a same frequency
scaling factor.
[00221] It should be noted that all related content of the steps in any possible implementation
of the eleventh aspect may be cited in function descriptions of corresponding functional modules.
Details are not described herein again.
[00222] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00223] Optionally, the communication apparatus according to the seventeenth aspect may
further include a processing module and a storage module. The storage module stores a program
or instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the seventeenth aspect is enabled to perform the method
according to any possible implementation of the eleventh aspect.
[00224] It should be noted that the communication apparatus according to the seventeenth
aspect may be a network device, or may be a chip (system) or another part or component that can
be disposed in the network device. This is not limited in this application.
[00225] In addition, for technical effects of the communication apparatus according to the
seventeenth aspect, refer to the technical effects of the method according to any possible
implementation of the eleventh aspect. Details are not described herein again.
[00226] According to an eighteenth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the receiving module is configured to receive configuration information of a reference
signal; and the sending module is configured to send the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a start position of a frequency domain resource occupied by
the first antenna port is determined based on at least a fourth offset, and the fourth offset is
determined based on at least a time domain resource occupied by the first antenna port and a
pseudo-random sequence; or the fourth offset is determined based on one of a plurality of ninth
correspondences and a time domain resource occupied by the first antenna port, the ninth
correspondence includes a correspondence between at least one fourth offset and at least one time
domain resource, and the plurality of ninth correspondences correspond to a same frequency
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scaling factor.
[00227] It should be noted that all related content of the steps in any possible implementation
of the twelfth aspect may be cited in function descriptions of corresponding functional modules.
Details are not described herein again.
[00228] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00229] Optionally, the communication apparatus according to the eighteenth aspect may
further include a processing module and a storage module. The storage module stores a program
or instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the eighteenth aspect is enabled to perform the method
according to any possible implementation of the twelfth aspect.
[00230] It should be noted that the communication apparatus according to the eighteenth aspect
may be a terminal device, or may be a chip (system) or another part or component that can be
disposed in the terminal device. This is not limited in this application.
[00231] In addition, for technical effects of the communication apparatus according to the
eighteenth aspect, refer to the technical effects of the method according to any possible
implementation of the twelfth aspect. Details are not described herein again.
[00232] According to a nineteenth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the sending module is configured to send configuration information of a reference
signal; and the receiving module is configured to receive the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a cyclic shift value of the first antenna port is determined
based on at least a first code domain offset, and the first code domain offset is determined based
on at least a time domain resource occupied by the first antenna port and/or a frequency domain
resource occupied by the first antenna port. It should be noted that all related content of the steps
in any possible implementation of the thirteenth aspect may be cited in function descriptions of
corresponding functional modules. Details are not described herein again.
[00233] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.

[00234] Optionally, the communication apparatus according to the nineteenth aspect may
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further include a processing module and a storage module. The storage module stores a program
or instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the nineteenth aspect is enabled to perform the method
according to any possible implementation of the thirteenth aspect.
[00235] It should be noted that the communication apparatus according to the nineteenth aspect
may be a network device, or may be a chip (system) or another part or component that can be
disposed in the network device. This is not limited in this application.
[00236] In addition, for technical effects of the communication apparatus according to the
nineteenth aspect, refer to the technical effects of the method according to any possible
implementation of the thirteenth aspect. Details are not described herein again.
[00237] According to a twentieth aspect, a communication apparatus is provided. The
communication apparatus includes a sending module and a receiving module, where

the receiving module is configured to receive configuration information of a reference
signal; and the sending module is configured to send the reference signal via M antenna ports
based on the configuration information, where M is an integer greater than 0, the M antenna ports
include at least one first antenna port, a cyclic shift value of the first antenna port is determined
based on at least a first code domain offset, and the first code domain offset is determined based
on at least a time domain resource occupied by the first antenna port and/or a frequency domain
resource occupied by the first antenna port.
[00238] It should be noted that all related content of the steps in any possible implementation
of the fourteenth aspect may be cited in function descriptions of corresponding functional modules.
Details are not described herein again.
[00239] It should be noted that the receiving module and the sending module may be separately
disposed, or may be integrated into one module, namely, a transceiver module. Specific
implementations of the receiving module and the sending module are not specifically limited in
this application.
[00240] Optionally, the communication apparatus according to the twentieth aspect may further
include a processing module and a storage module. The storage module stores a program or
instructions. When the processing module executes the program or the instructions, the
communication apparatus according to the twentieth aspect is enabled to perform the method
according to any possible implementation of the fourteenth aspect.
[00241] It should be noted that the communication apparatus according to the twentieth aspect
may be a terminal device, or may be a chip (system) or another part or component that can be
disposed in the terminal device. This is not limited in this application.
[00242] In addition, for technical effects of the communication apparatus according to the
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twentieth aspect, refer to the technical effects of the method according to any possible
implementation of the fourteenth aspect. Details are not described herein again.

[00243] According to a twenty-first aspect, a communication apparatus is provided. The
communication apparatus includes a processor. The processor is coupled to a memory, and the
memory is configured to store a computer program.

[00244] The processor is configured to execute the computer program stored in the memory, to
perform the communication method according to any possible implementation of the first aspect
to the fourth aspect and the ninth aspect to the fourteenth aspect.

[00245] In a possible design, the communication apparatus according to the twentieth aspect
may further include a transceiver. The transceiver may be a transceiver circuit or an input/output
port. The transceiver may be used by the communication apparatus to communicate with another
device.

[00246] It should be noted that the input port may be configured to implement a receiving
function related to any possible implementation of the first aspect to the fourth aspect or the ninth
aspect to the fourteenth aspect, and the output port may be configured to implement a sending
function related to any possible implementation of the first aspect to the fourth aspect or the ninth
aspect to the fourteenth aspect.

[00247] Inthis application, the communication apparatus according to the twentieth aspect may
be a terminal device or a network device, or a chip or a chip system disposed inside the terminal
device or the network device.

[00248] In addition, for technical effects of the communication apparatus according to the
twentieth aspect, refer to the technical effects of the communication method according to any
implementation of the first aspect to the fourth aspect or the ninth aspect to the fourteenth aspect.
Details are not described herein again.

[00249] According to a twenty-first aspect, a communication system is provided. The
communication system includes the communication apparatus according to the fifth aspect and the
communication apparatus according to the sixth aspect, and may further include the
communication apparatus according to the seventh aspect and the communication apparatus
according to the eighth aspect. Alternatively, the communication system includes the
communication apparatus according to the seventh aspect and the communication apparatus
according to the eighth aspect.

[00250] Alternatively, the communication system includes the communication apparatus
according to the fifth aspect and configured to implement the method according to the first aspect,
and the communication apparatus according to the sixth aspect and configured to implement the
method according to the second aspect. Alternatively, the communication system includes the
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communication apparatus according to the seventh aspect and configured to implement the method
according to the third aspect, and the communication apparatus according to the eighth aspect and
configured to implement the method according to the fourth aspect.

[00251] Alternatively, the communication system includes the communication apparatus
according to the fifteenth aspect and the communication apparatus according to the sixteenth
aspect, and may further include the communication apparatus according to the seventeenth aspect
and the communication apparatus according to the eighteenth aspect; and/or may include the
communication apparatus according to the nineteenth aspect and the communication apparatus
according to the twentieth aspect.

[00252] Alternatively, the communication system includes the communication apparatus
according to the seventeenth aspect and the communication apparatus according to the eighteenth
aspect, and may further include the communication apparatus according to the nineteenth aspect
and the communication apparatus according to the twentieth aspect.

[00253] According to a twenty-second aspect, a chip system is provided. The chip system
includes a logic circuit and an input/output port. The logic circuit is configured to implement a
processing function related to any possible implementation of the first aspect to the fourth aspect
or the ninth aspect to the fourteenth aspect, and the input/output port is configured to implement
sending and receiving functions related to any possible implementation of the first aspect to the
fourth aspect or the ninth aspect to the fourteenth aspect. Specifically, the input port may be
configured to implement the receiving function related to any possible implementation of the first
aspect to the fourth aspect or the ninth aspect to the fourteenth aspect, and the output port may be
configured to implement the sending function related to any possible implementation of the first
aspect to the fourth aspect or the ninth aspect to the fourteenth aspect.

[00254] In a possible design, the chip system further includes a memory. The memory is
configured to store program instructions and data for implementing a function in any possible
implementation of the first aspect to the fourth aspect or the ninth aspect to the fourteenth aspect.
[00255] The chip system may include a chip; or may include a chip and another discrete
component.

[00256] According to a twenty-third aspect, a computer-readable storage medium is provided.
The computer-readable storage medium stores a computer program or instructions. When the
computer program is run or the instructions are run on a computer, the communication method
according to any possible implementation of the first aspect to the fourth aspect or the ninth aspect
to the fourteenth aspect is performed.

[00257] According to a twenty-fourth aspect, a computer program product is provided. The
computer program product includes a computer program or instructions. When the computer
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program is run or the instructions are run on a computer, the communication method according to
any possible implementation of the first aspect to the fourth aspect or the ninth aspect to the
fourteenth aspect is performed.

BRIEF DESCRIPTION OF DRAWINGS

[00258] FIG. 1 is a diagram of an architecture of a communication system according to an
embodiment of this application;

[00259] FIG. 2 is a diagram of a transmit bandwidth according to an embodiment of this
application;

[00260] FIG. 3 is a comb diagram according to an embodiment of this application;

[00261] FIG. 4 is an application diagram according to an embodiment of this application;
[00262] FIG. 5 is a schematic flowchart of a communication method according to an
embodiment of this application;

[00263] FIG. 6 is another application diagram according to an embodiment of this application;
[00264] FIG. 7 is still another application diagram according to an embodiment of this
application;

[00265] FIG. 8 is still another application diagram according to an embodiment of this
application;

[00266] FIG. 9 is still another application diagram according to an embodiment of this
application;

[00267] FIG. 10 is still another application diagram according to an embodiment of this
application;

[00268] FIG. 11 is a schematic flowchart of another communication method according to an
embodiment of this application;

[00269] FIG. 12 is still another application diagram according to an embodiment of this
application;

[00270] FIG. 13 is a schematic flowchart of still another communication method according to
an embodiment of this application;

[00271] FIG. 14 is a schematic flowchart of still another communication method according to
an embodiment of this application;

[00272] FIG. 15 is a schematic flowchart of still another communication method according to
an embodiment of this application;

[00273] FIG. 16 is a diagram of a structure of a communication apparatus according to an

embodiment of this application; and
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[00274] FIG. 17 is a diagram of a structure of another communication apparatus according to

an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[00275] The following describes the technical solutions in this application with reference to the
accompanying drawings.

[00276] The technical solutions in embodiments of this application can be applied to various
communication systems, for example, a frequency division duplex (frequency division duplex,
FDD) system, a time division duplex (time division duplex, TDD) system, a wireless fidelity
(wireless fidelity, Wi-Fi) system, a vehicle to everything (vehicle to everything, V2X)
communication system, a device-to-device (device-to-device, D2D) communication system, a
multiple-input multiple-output (multiple-input multiple-output, MIMO) system, an internet of
vehicles communication system, a 4th generation (4th generation, 4G) mobile communication
system such as a long term evolution (long term evolution, LTE) system or a worldwide
interoperability for microwave access (worldwide interoperability for microwave access, WiMAX)
communication system, a 5th generation (5th generation, 5G) mobile communication system such
as a new radio (new radio, NR) system, and a future communication system such as a 6th
generation (6th generation, 6G) mobile communication system.

[00277] Acommunication method provided in this application is applicable to a scenario related
to reference signal transmission. For example, the communication method provided in this
application is applicable to a low-frequency scenario (for example, a frequency band below 6 GHz),
and is also applicable to a high-frequency scenario (for example, a frequency band above 6 GHz);

is applicable to a single (Single)-transmission point (transmission and reception point, TRP)
scenario, and is also applicable to a multi-transmission point (Multi-TRP) scenario and any
derivative scenario thereof; is applicable to a homogeneous network scenario, and is also
applicable to a heterogeneous network scenario; and is applicable to a coordinated multipoint
transmission scenario.

[00278]  All aspects, embodiments, or features are presented in this application by describing a
system that may include a plurality of devices, components, modules, and the like. It should be
appreciated and understood that, each system may include another device, component, module,

and the like, and/or may not include all devices, components, modules, and the like discussed with

reference to the accompanying drawings. In addition, a combination of the solutions can be used.

[00279] In addition, in embodiments of this application, terms such as "example” and "for

example” are used to represent giving an example, an illustration, or a description. Any
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embodiment or design solution described as an "example” in this application should not be
explained as being more preferred or having more advantages than another embodiment or design
solution. Exactly, the word "example™ is used to present a concept in a specific manner.

[00280] In embodiments of this application, "of (of)", "corresponding (corresponding,
relevant)”, and "corresponding (corresponding)” may be interchangeably used sometimes. It
should be noted that meanings expressed by the terms are consistent when differences between the
terms are not emphasized.

[00281] Anetwork architecture and a service scenario that are described in embodiments of this
application are intended to describe the technical solutions in embodiments of this application
more clearly, and do not constitute any limitation on the technical solutions provided in
embodiments of this application. A person of ordinary skill in the art may know that, with evolution
of the network architecture and emergence of a new service scenario, the technical solutions
provided in embodiments of this application are also applicable to a similar technical problem.
[00282] For ease of understanding of embodiments of this application, first, a communication
system applicable to embodiments of this application is described in detail by using a
communication system shown in FIG. 1 as an example. For example, FIG. 1 is a diagram of an
architecture of a communication system to which the communication method according to
embodiments of this application is applicable.

[00283] As shown in FIG. 1, the communication system includes a network device and a
terminal device.

[00284] The terminal device is a terminal that accesses the communication system and has
wireless sending and receiving functions, or a chip or a chip system that can be disposed in the
terminal. The terminal device may also be referred to as a user equipment (user equipment, UE),
a user apparatus, an access terminal, a subscriber unit, a subscriber station, a mobile station (mobile
station, MS), a remote station, a remote terminal, a mobile device, a user terminal, a terminal, a
terminal unit, a terminal station, a terminal apparatus, a wireless communication device, a user
agent, or a user apparatus.

[00285] For example, the terminal device in embodiments of this application may be a mobile
phone (mobile phone), a wireless data card, a personal digital assistant (personal digital assistant,
PDA) computer, a laptop computer (laptop computer), a tablet computer (Pad), a computer with
wireless sending and receiving functions, a machine type communication (machine type
communication, MTC) terminal, a virtual reality (virtual reality, VR) terminal device, an
augmented reality (augmented reality, AR) terminal device, an internet of things (internet of things,
IoT) terminal device, a wireless terminal in industrial control (industrial control), a wireless

terminal in self driving (self driving), a wireless terminal in telemedicine (remote medical), a
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wireless terminal in a smart grid (smart grid), a wireless terminal in transportation safety
(transportation safety), a wireless terminal in a smart city (smart city), a wireless terminal (for
example, a game machine, a smart television, a smart speaker, a smart refrigerator, or fitness
equipment) in a smart home (smart home), a vehicle-mounted terminal, or an RSU having a
terminal function. The access terminal may be a cellular phone (cellular phone), a cordless phone,
a session initiation protocol (session initiation protocol, SIP) phone, a wireless local loop (wireless
local loop, WLL) station, a personal digital assistant (personal digital assistant, PDA), a handheld
device (handset) with a wireless communication function, a computing device or another
processing device connected to a wireless modem, a wearable device, or the like.

[00286] For another example, the terminal device in embodiments of this application may be
an express delivery terminal (for example, a device that can monitor a location of a cargo vehicle,
or a device that can monitor a temperature and humidity of cargo) in intelligent logistics, a wireless
terminal (for example, a wearable device that can collect related data of poultry and livestock) in
intelligent agriculture, a wireless terminal (for example, a smart elevator, a fire monitoring device,
or a smart meter) in intelligent architecture, a wireless terminal (for example, a wearable device
that can monitor a physiological status of a person or an animal) in intelligent healthcare, a wireless
terminal (for example, an intelligent bus, an intelligent vehicle, a shared bicycle, a charging pile
monitoring device, intelligent traffic lights, or an intelligent monitoring and intelligent parking
device) in intelligent transportation, or a wireless terminal (for example, a vending machine, a self-
service checkout machine, or an unmanned convenience store) in intelligent retail. For another
example, the terminal device in this application may be a vehicle-mounted module, a vehicle-
mounted assembly, a vehicle-mounted component, a vehicle-mounted chip, or a vehicle-mounted
unit that is built in a vehicle as one or more components or units. The vehicle may implement the
method provided in this application through the vehicle-mounted module, the vehicle-mounted
assembly, the vehicle-mounted component, the vehicle-mounted chip, or the vehicle-mounted unit
that is built in the vehicle.

[00287] The network device is a device that is located on a network side of the communication
system and has wireless sending and receiving functions, or a chip or a chip system that can be
disposed in the device. The network device includes but is not limited to: an access point (access
point, AP) in a wireless fidelity (wireless fidelity, Wi-Fi) system, for example, a home gateway, a
router, a server, a switch, a bridge, an evolved NodeB (evolved NodeB, eNB), a radio network
controller (radio network controller, RNC), a NodeB (NodeB, NB), a base station controller (base
station controller, BSC), a base transceiver station (base transceiver station, BTS), a home base
station (for example, a home evolved NodeB, or a home NodeB, HNB), a baseband unit (baseband

unit, BBU), a wireless relay node, a wireless backhaul node, a transmission point (transmission
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and reception point, TRP; or transmission point, TP), or a remote radio head (remote radio head,
RRH). The network device may alternatively be a gNB or a transmission point (TRP or TP) in a
5G system, for example, a new radio (new radio, NR) system, or one antenna panel or a group of
antenna panels (including a plurality of antenna panels) of a gNB in the 5G system. The network
device may alternatively be a network node, such as a baseband unit (BBU), a distributed unit
(distributed unit, DU), or a road side unit (road side unit, RSU) having a base station function, that
constitutes a gNB or a transmission point.

[00288] It should be noted that the signal processing method provided in embodiments of this
application is applicable to any two nodes shown in FIG. 1. For a specific implementation, refer
to the following method embodiments. Details are not described herein again.

[00289] It should be noted that, the solutions in embodiments of this application may be further
applied to another communication system, and a corresponding name may alternatively be
replaced with a name of a corresponding function in the another communication system.

[00290] It should be understood that FIG. 1 is merely an example of a simplified diagram for
ease of understanding. The communication system may further include another network device
and/or another terminal device that are/is not shown in FIG. 1.

[00291] To make embodiments of this application clearer, the following uniformly describes
some content and concepts related to embodiments of this application.

[00292]  First, configuration information:

[00293] Using an example in which a reference signal is an SRS, the configuration information
may be referred to as SRS resource configuration information. Reference signals to which the
method provided in embodiments of this application is applicable include but are not limited to an
SRS and a demodulation reference signal (demodulation reference signal, DMRS). In this
application, the SRS is used as an example for description.

[00294] For example, the SRS resource configuration information may indicate an SRS
resource configuration, and may be semi-statically configured by a network device for a terminal
device by using a higher-layer parameter.

[00295] The SRS resource configuration information may include a time-frequency-code
resource corresponding to each antenna port (antenna port), of at least one antenna port (for
example, an antenna port for sending the SRS may be referred to as an SRS port).

[00296] For example, the SRS resource configuration information may include but is not

SRS _
limited to one or more of the following: N3RS € {1,2,4} antenna ports {pi}?’ji’) v N €

{1,2,4,8,10,12,14} consecutive OFDM symbols, a quantity of symbols included in each slot, a
time-domain start position [, € {0,1,...,13}, and a frequency-domain start position k,, where

antenna port p; = 1000 + i, and each antenna port may correspond to a physical antenna or a
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virtual antenna of the terminal device.

[00297] Optionally, the SRS may be transmitted, between an antenna port of the terminal device
and an antenna port of the network device, on a corresponding resource based on the SRS resource
configuration indicated by the SRS resource configuration information.

[00298] A name of the antenna port is not limited in this application. For example, the antenna
port may also be referred to as a reference signal port.

[00299] Second, repetition factor, sounding bandwidth, frequency hopping bandwidth, transmit
bandwidth, frequency hopping periodicity, and frequency scaling factor Pe:

[00300] The repetition factor R € {1,2,4} is semi-statically configured by the network device
by using a higher-layer parameter (for example, repetitionFactor). One time of reference signal
sending corresponds to consecutive R OFDM symbols in one reference signal resource, and a
number of a 1 OFDM symbol in consecutive R OFDM symbols that correspond to one time of
reference signal sending and that are in a reference signal resource can be exactly divided by R.
[00301] For example, the sounding bandwidth may be a bandwidth range corresponding to a
channel that is obtained by the network device based on a reference signal.

[00302] For example, the frequency hopping bandwidth may be a bandwidth range
corresponding to a channel that is obtained by the network device after a reference signal is sent
for a single time.

[00303] Optionally, the frequency hopping bandwidth may be less than or equal to the sounding
bandwidth.

[00304] For example, the frequency hopping periodicity may be a quantity of times of reference
signal sending needed by the network device for obtaining the channel corresponding to the
sounding bandwidth.

[00305] For example, the sounding bandwidth, the frequency hopping bandwidth, and the
frequency hopping periodicity may be determined based on a higher-layer parameter and a
protocol-predefined table.

[00306] When the frequency scaling factor Pr is not configured, the transmit bandwidth is
equal to the frequency hopping bandwidth. When the network device configures the frequency
scaling factor P by using a higher-layer parameter, the transmit bandwidth is a fraction of Pr of
the frequency hopping bandwidth.

[00307] FIG. 2 is a diagram of a transmit bandwidth according to an embodiment of this
application.

[00308] In FIG. 2, a vertical direction represents a frequency domain, a horizontal direction
represents a time domain, each box represents one resource block (resource block, RB), and one

RB includes 12 subcarriers in frequency domain. It is assumed that a sounding bandwidth is 16
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RBs, a frequency hopping bandwidth is 4 RBs, and a frequency hopping periodicity is 4. As shown
in () in FIG. 2, when a frequency scaling factor Pr is not configured, a transmit bandwidth is 4
RBs (shaded boxes in (a) in FIG. 2). As shown in (b) in FIG. 2, when frequency scaling factor
P- = 2 is configured, a transmit bandwidth is 2 RBs (shaded boxes in (b) in FIG. 2).

[00309] Optionally, the SRS may be transmitted, between the terminal device and the network
device, on a corresponding resource based on the repetition factor, the sounding bandwidth, the
frequency hopping bandwidth, the transmit bandwidth, the frequency hopping periodicity, and the
frequency scaling factor.

[00310] Third, cyclic shift value:

[00311] For example, a reference signal may be generated by using a sequence ru‘f‘f’(n), and

the sequence r‘“ o) isa cyclic shift (cyclic shift, CS) of a base sequence (base sequence) T, (n).

00312 For example, the sequence satisfies (@ —jon
[ ] p q r(aﬁ) (n) ( 8) (n) —p/ uv(n)

where « is a cyclic shift value, and « is a real number; & = log,(K+c), where & is

an integer, and K¢ is a comb quantity; u,v is an index of a base sequence in a base sequence

group, where u and v are integers; j is an imaginary unit, n is an index of an element in the sequence,
n is an integer, and O0<SN<M,.; M is a length of the sequence r.”(n), and is a positive

integer; and e is a natural constant. The sequence elements are sequentially mapped, in ascending
order of indexes of the sequence elements, to subcarriers that correspond to an SRS resource, and
whose indexes are in ascending order.

[00313] For example, the comb quantity may be a quantity of combs included in a transmit

bandwidth of the reference signal.

[00314] Optionally, the base sequence _ru,v(n) may be a sequence generated by using a ZC
(Zadoff-Chu) sequence.

[00315] For example, the base sequence E,\,(n) is a ZC sequence, or a sequence generated by
expanding or intercepting a ZC sequence through cyclic shifting.

[00316] Assuming that a ZC sequence whose length is N is z,(n), where n =0,1,..,N — 1
and N is a positive integer, a sequence whose length is M and that is generated by using the ZC
sequence may be expressed as z,(m mod N), where m =0,1,..,M — 1.

[00317] For example, the ZC sequence whose length is N may be expressed as the following

formula;

n(n+ 1)

exp (—] nnq - ) N is an odd number
[00318] z,(n) = 2 , Where q is a root indicator of the
exp (—jnq . 7) ,N is an even number
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ZC sequence, and q is a positive integer that is relatively prime to N and that is less than N; n =

constant e as a base.

[00319] Insome embodiments, a cyclic shift «; corresponding to antenna port p; satisfies the
following formula (1):

ncs,i

— SRS
a; = 21 Ccs,max (l)

Ngrs

[00320] In the foregoing formula (1), ng;"s may be expressed as the following formula:

Cs,max
cs ngps  L(pi—1000)/2] €s,max SRS __ cs,max_
(nSRS + mod ngps~  Ngp> = 4,Ngpg =

. NSRS/Z
CS,1 ap
NsRrs = where
SRS nSSMX (. 1000) . . ,
(ngzs +-SBS L —— Ngés ) mod népe otherwise (otherwise)

ngks represents a cyclic shift reference value, ngks € {0,1, ..., ngpe" — 1}, and is semi-statically

configured by the network device by using a higher-layer parameter (for example,

transmissionComb); ngpe  represents a maximum cyclic shift value; Ng<> represents a

quantity of antenna ports (refer to the foregoing descriptions in "First, configuration information™);

represents a floor operation.

[00321] Optionally, the maximum cyclic shift value nzecr may indicate that a delay domain
SRS

is equally divided into ngse . parts, or indicate that a phase value 2 is equally divided into

neps . parts, and each cyclic shift value corresponds to a start point of each part.

[00322]  For example, the maximum cyclic shift value nghe. may correspond to a value of the
comb quantity Krc.Asshown inTable 1, when K¢ = 2, nspe = 8.When Krc = 1, ngpe =

3.When Krc =1, ngpe = 12. When Krc = 8, nipe = 6.

Table 1
Krc Ngps
2 8
4 12
8 6

[00323]  Fourth, comb (comb), comb quantity K¢, and comb offset kc:
[00324] For example, a frequency domain resource may be divided into a plurality of comb-
shaped frequency domain resource groups, and one comb-shaped frequency domain resource

group may be one comb.
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[00325] For example, the comb quantity may be a quantity of combs included in a transmit
bandwidth of a reference signal.

[00326] Optionally, the comb quantity may also be referred to as a comb number. This is not
limited in this application.

[00327] Optionally, a quantity of subcarriers between any two adjacent subcarriers on a comb
may be obtained based on the comb quantity.

[00328] For example, the comb quantity Kyc may be equal to 2, 4, or 8.

[00329] Optionally, the comb quantity may be semi-statically configured by the network device
by using a higher-layer parameter.

[00330] FIG. 3 shows corresponding frequency domain resource division when a comb quantity
Ktc is 2, 4, or 8. Comb quantity Kt¢=2 is used as an example, even-numbered subcarriers (for
example, subcarriers numbered 0, 2, 4, ...) form a comb-shaped frequency domain resource group,
and odd-numbered subcarriers (for example, subcarriers numbered 1, 3, 5, ...) form a comb-shaped
frequency domain resource group. Each box represents one resource element (resource element,
RE), and one OFDM symbol and one subcarrier form one RE.

[00331] For example, the comb offset k¢ is a reference quantity of combs occupied by the

reference signal.
[00332] Insome embodiments, an index of acomb k%') occupied by antenna port p; satisfies
the following formula (2):
-
(ktc + Krc/2) mod Krc N3RS = 4,p; € {1001, 1003},ngpe = 6

(ktc + Krc/2) mod Krc  NgRS = 4,p; € {1001,1003},n&ks € {ngpe /2, ..., ngng " — 1}
ke otherwise (otherwise)

)

[00333] Inthe foregoing formula (2), krc represents acomb offset, and krc € {0, 1, ..., K1c —
1}.
[00334] Optionally, the comb offset krc may be configured by the network device by using a
higher-layer parameter (for example, a transmission comb (transmissionComb)).
[00335]  Fifth, partial sounding offset nJers:
[00336] In some embodiments, a frequency-domain start position k(()pi) of antenna port p;
may satisfy the following formula (3):

k™ = k" + niffe + nis 3)

[00337] In the foregoing formula (3), k%?  satisfies Egpi)znsthsFéB+(k%)+
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! . - . . .
kéﬁset) mod Krc, where NRB is a quantity of subcarriers included in each resource block, for

example, NXB is 12; and k%) represents an index of a comb occupied by antenna port p;.

[00338]  In the foregoing formula (3), nff.; represents a frequency hopping offset.

[00339] Inthe foregoing formula (3), nXtr> represents a partial sounding offset, and the partial

sounding offset n ¢S satisfies the following formula (4):

nSeEs = NE® 1msps pens (ke + Knop)mod Pr )/ Pe (4)
[00340] In the foregoing formula (4), NRB is a quantity of subcarriers included in each
resource block; mgrsp.,. represents a frequency hopping bandwidth, and mgrsp... IS @
frequency hopping bandwidth determined based on higher-layer parameters Bsgs and Csgs and
a protocol-predefined table; kg is an index of a partial sounding start position, and kg €

{0,1,..., P — 1}, knop represents a start resource block hopping offset; and Pr represents a

frequency scaling factor.
[00341] Optionally, the partial sounding start position may be semi-statically configured by the
network device by using a higher-layer parameter (for example, startRBIndexFScaling-r17).

[00342] In some embodiments, the start resource block hopping offset ky,, is defined in the
following formula (5) and Table 2. For example, a value of l_chop is determined according to the

following formula (5), and ky,, is determined based on the value of l_chop and Table 2.

mod P (5)

- NsRs
hop MESRS  y
br=bpep br

Boms represents an index of a frequency hopping

br=bpgp br

[00343]  In the foregoing formula (5), ILSN

periodicity corresponding to a reference signal; Pr represents a frequency scaling factor; a

quantity corresponding to current reference signal sending; a mathematical symbol [[: i
represents a product of a sequence; b’ represents a frequency hopping layer index; by,p
represents a start frequency hopping layer index, where by, € {0,1,2,3}; Bsgs represents a
terminated frequency hopping layer index, where Bggs € {0,1,2,3}; and N,, represents a
quantity of parallel branches ata b'" layer.

[00344] In the foregoing formula (5), nﬁfg;hop Ny, represents a quantity of times of reference
signal sending included in one frequency hopping periodicity.

[00345]  Optionally, by,, and Bsgs may be used for determining a frequency hopping layer

53



10

15

20

25

index range, and both by,, and Bgsgs are semi-statically configured by the network device by
using a higher-layer parameter (for example, freqHopping).
[00346] Optionally, N,, may be determined based on higher-layer parameters Bsgrs and Cggs,

and a protocol-predefined table, where Nppo, = 1.

Table 2
Knop khop
P=1 P-=2 P- =3
0 0 0 0
1 - 1 2
2 - - 1
3 - - 3

[00347]  The following describes Csgrs, Bsrs: bnop, and Nj, by using examples with reference
to the protocol-predefined table.

[00348] Table 3 is the protocol-predefined table. Assuming that the network device semi-
statically configures Csgs = 12, Bggs = 3, and byo, = 1 by using higher-layer parameters, the
network device and the terminal device may determine, by using a row whose row index is 12 and
a column whose column index is Bsgs = 1 (namely, Bsgs = bpop) in Table 3, that a transmit

bandwidth of a reference signal is MSRS byop = 16 RBs; and determine, by using a row whose row

index is 12 and a column whose column index is Bsgs = 3 (namely, Bsgrs = Bsgs) in Table 3,
that a frequency hopping bandwidth of the reference signal is mggs g, = 4 RBs. It can be learned
from bpy, = 1 and Bsgs = 3 that frequency hopping in this configuration starts from a 1% layer
and ends at a 3™ layer. In this case, a quantity of times of reference signal sending included in one
reference signal frequency hopping periodicity is a product 2 = 2 = 4 of a quantity of parallel
branches N, = 2 ata 2" layer and a quantity of parallel branches N; = 2 at the 3" layer.

[00349] Itshould be noted that, in the foregoing formula for calculating the quantity of the times
of reference signal sending included in the reference signal frequency hopping periodicity, a

quantity of parallel branches Npy, a2 layer corresponding to the start frequency hopping layer
index bpgp is further considered. However, due to a limitation of the formula Nppp = 1, a value,
of Nbpop: obtained based on the table does not cause a quantity of times of reference signal sending
included in one reference signal frequency hopping periodicity to change. A reason of specifying

Npy,, = 1 Is that when a quantity of times of reference signal sending included in a reference

ho
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signal frequency hopping periodicity is calculated, only a quantity of parallel branches at a layer

after a start frequency hopping layer needs to be calculated.

Table 3
Csrs Bsrs = 0 Bsgs = 1 Bsgs = 2 Bggrs = 3
MsRs,0 Ny MsRs,1 Ny MgRs,2 N, MsRs,3 N3

0 4 1 4 1 4 1 4 1
1 8 1 4 2 4 1 4 1
2 12 1 4 3 4 1 4 1
3 16 1 4 4 4 1 4 1
4 16 1 8 2 4 2 4 1
5 20 1 4 5 4 1 4 1
6 24 1 4 6 4 1 4 1
7 24 1 12 2 4 3 4 1
8 28 1 4 7 4 1 4 1
9 32 1 16 2 8 2 4 2
10 36 1 12 3 4 3 4 1
11 40 1 20 2 4 5 4 1
12 48 1 16 3 8 2 4 2
13 48 1 24 2 12 2 4 3
14 52 1 4 13 4 1 4 1
15 56 1 28 2 4 7 4 1
16 60 1 20 3 4 5 4 1
17 64 1 32 2 16 2 4 4
18 72 1 24 3 12 2 4 3
19 72 1 36 2 12 3 4 3
20 76 1 4 19 4 1 4 1
21 80 1 40 2 20 2 4 5
22 88 1 44 2 4 11 4 1
23 96 1 32 3 16 2 4 4
24 96 1 48 2 24 2 4 6
25 104 1 52 2 4 13 4 1
26 112 1 56 2 28 2 4 7
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Csrs Bsrs = 0 Bsrs =1 Bgrs = 2 Bsps = 3
MsRs,0 Ny MsRs,1 Ny MsRs,2 N, MsRs,3 N;
59 256 1 16 16 8 2 4 2
60 264 1 132 2 44 3 4 11
61 272 1 136 2 68 2 4 17
62 272 1 68 4 4 17 4 1
63 272 1 16 17 8 2 4 2

[00350] Different cyclic shifts, for example, a, and «,, are performed on a same base

sequence, to obtain different sequences. When a; and a, satisfy @, mod 27w # a, mod 27, a

sequence obtained by using a base sequence T, () and the cyclic shift a; and a sequence

obtained by using the base sequence T, ,(n) and the cyclic shift a, are orthogonal to each other,

that is, a cross-correlation coefficient is zero.

[00351] For example, a cross-correlation coefficient between sequences r;(m) and r,(m)
(m=0,1,..,M — 1) whose lengths are M may be expressed as %Z%;é ri(m)r; (m)|.

[00352] A network device may allocate, to different terminal devices, sequences obtained based
on a same base sequence and different cyclic shift values, and these different terminal devices may
send, on a same time-frequency resource, reference signals generated using these sequences (the
sequences obtained based on the same base sequence and the different cyclic shift values). These
sequences are orthogonal to each other. When channels between the terminal devices and the
network device are flat within lengths of the sequences, no interference is generated between the
terminal devices.

[00353] Sequences obtained based on different base sequences (regardless of whether a same
cyclic shift value is used or different cyclic shift values are used) are not orthogonal to each other,
and terminal devices may send, on a same time-frequency resource, reference signals generated
using these sequences (the sequences obtained based on the different base sequences). When
channels between the terminal devices and a network device are flat within lengths of the
sequences, interference is generated.

[00354] For example, it is assumed that cell 1 includes UE 1 and UE 2, cell 2 includes UE 3
and UE 4, UE 1 generates a reference signal by using a base sequence r; and a cyclic shift value
a, and sends the reference signal, UE 2 generates a reference signal by using the base sequence
r; and a cyclic shift value a, and sends the reference signal, UE 3 generates a reference signal
by using a base sequence r, and a cyclic shift value a; and sends the reference signal, and UE

4 generates a reference signal by using the base sequence r, and a cyclic shift value a, and
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sends the reference signal, as shown in Table 4.

Table 4

Cell1 UELl r, o UE2: 1y, a;
Cell 2 UE3: 1y, as UE4: 1y, a,

[00355] At a sending moment, UE 1 to UE 4 may send reference signals on a same time-
frequency resource. It is assumed that channels between UE 1 to UE 4 and a network device are
flat on M subcarriers occupied by the reference signals, and are respectively h;, h,, hs, and hy.
On a m™ subcarrier in the M subcarriers occupied by the reference signals, a received signal y(m)
of the network device is y(m) = h;ry(m)e/*™ + h,ry(m)e/%2™ + hyr,(m)e/ %™ +
h,r,(m)e/®m,

[00356] The network device may perform the following operation on the received signal y(m)

and a sequence 7;(m)e/*t™ that is used by UE 1, to obtain the channel h; of UE 1:
=MLy (m) X (ri(m)e/ ™))" = hy +— hy M3, (m)rj (m)e/ (@s—am 4

g Ty (m)r; (m)ed (eamawm,

[00357] %hg, Y1, (m)r; (m)e/(@:—@0™ s interference generated by UE 3 to channel

estimation of UE 1, and %h4 Y1, (m)ri (m)e/ @ ~*)™m js interference generated by UE 4 to

the channel estimation of UE 1. It can be learned that the interference between UE 3 and UE 1 is
affected by a difference (a; — a;) between cyclic shift values, and similarly, the interference
between UE 4 and UE 1 is affected by a difference (a, — a;) between cyclic shift values.

[00358] In this way, when reference signals are sent on a same time-frequency resource, no
interference is generated between terminal devices that use a same base sequence, interference is
generated between terminal devices that use different base sequences, and the interference is

affected by cyclic shift values.
[00359] In some embodiments, the index k%) of the comb occupied by antenna port p;

satisfies the foregoing formula (2). After the index k%') of the comb occupied by antenna port
p; is obtained according to the formula (2), it may be learned that if higher-layer parameters (for
example, the comb offset ke and the comb quantity K7c) do not change, a comb occupied by
each antenna port is constant at different sending moments, and an antenna port is always
interfered with by a same antenna port. This is not conducive to interference randomization.

[00360] For example, with reference to Table 5 and FIG. 4, in a scenario 1, cell 1 includes UE
1, UE 2, UE 3, and UE 4, and each UE includes four antenna ports (for example, antenna port p,,
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antenna port p,, antenna port p,, and antenna port p; respectively). Each antenna port of UE 1,
UE 2, UE 3, and UE 4 generates a reference signal by using the base sequence r; and a cyclic
shift value corresponding to the antenna port, and at least combs occupied by or the cyclic shift
values used by the antenna ports of UE 1, UE 2, UE 3, and UE 4 are different. For example, the
occupied combs are different, and/or the used cyclic shift values are different. Cell 2 includes UE
5, UE 6, UE 7, and UE 8, and each UE includes four antenna ports (for example, antenna port p,,
antenna port p,, antenna port p,, and antenna port p; respectively). Each of UE 5, UE 6, UE 7,
and UE 8 generates a reference signal by using the base sequence r, and a cyclic shift value
corresponding to each antenna port, and at least combs occupied by or the cyclic shift values used
by the antenna ports of UE 5, UE 6, UE 7, and UE 8 are different. For example, the occupied
combs are different, and/or the used cyclic shift values are different. As shown in FIG. 4, a
frequency domain resource is divided into four combs (comb 1, comb 2, comb 3, and comb 4). In
FIG. 4, each box represents one RE, differently-filled boxes represent different combs, and a comb
quantity Ktc =4. Because antenna ports of UESs in a same cell generate reference signals by using
a same base sequence and different cyclic shift values, generate and send reference signals by
using a same base sequence and occupying different combs, or generate and send reference signals
by using a same base sequence and different cyclic shift values and occupying different combs.
Therefore, the antenna ports of the UEs in the same cell are orthogonal to each other, and there is
no interference between the antenna ports of the UEs in the same cell.

[00361]

using the scenario 1 as an example in this application. An application scenario is not limited in this

It should be noted that the method provided in this application is described merely by

application, and a quantity of cells, a quantity of UEs included in a cell, a quantity of antenna ports
included in each UE, a comb quantity, and the like are not limited.

Table 5
Cell 1 UE 1. r;,combs | UE 2: ry,combs | UE 3: r;,combs | UE 4: ry,
land 3 land 3 2and 4 combs 2 and 4
Cell 2 UE 5: r,, combs | UEG6: r,,combs | UE7: r,,combs | UE8: r,,
land 3 land 3 2and 4 combs 2 and 4
[00362] Combs occupied by antenna ports of UE 1 to UE 8 may be obtained according to the
formula (2).
[00363] Specifically, in UE 1 to UE 8, the four antenna ports of each UE use two combs, every

two antenna ports use one comb, and there are four combs in total. Four terminal devices may send
reference signals on same two combs, and two antenna ports of each UE occupy one comb, as
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shown in Table 5 and FIG. 4. Antenna ports of UE 1, UE 2, UE 5, and UE 6 jointly occupy comb
1 and comb 3, and antenna ports of UE 3, UE 4, UE 7, and UE 8 jointly occupy comb 2 and comb
4. A specific comb occupied by two specific antenna ports of each UE to send the reference signal
is fixed.

[00364] For example, antenna port p, and antenna port p, of each UE occupy one comb, and
antenna port p, and antenna port p; occupy one comb. For example, the comb occupied by
antenna port p, andantennaport p, isacomb with a smaller comb index in two combs occupied
by the UE, and the comb occupied by antenna port p; and antenna port p; is a comb with a
larger comb index in the two combs occupied by the UE. Antenna port p, and antenna port p,
of UE 1 occupy comb 1, antenna port p, and antenna port p; of UE 1 occupy comb 3, antenna
port p, and antenna port p, of UE 3 occupy comb 2, and antenna port p; and antenna port p;
of UE 3 occupy comb 4. Details are not described one by one. For ease of understanding, Table 5
and FIG. 4 show the UEs, corresponding base sequences, and corresponding combs, but do not
show the antenna ports.

[00365] It should be noted that the comb index may also be referred to as a comb number. This
is not limited in this application.

[00366] In this way, at any sending moment, each UE sends a reference signal in a manner
shown in Table 5 and FIG. 4, and the antenna ports of UE 1, UE 2, UE 5, and UE 6 send reference
signals by using a same comb, reference signals are generated by using different base sequences
between antenna ports of UE 1 and UE 5 and between UE 1 and UE 6. Interference exists between
UE 1 and UE 5, and between UE 1 and UE 6.

[00367] In embodiments of this application, the sending moment is a moment at which the
reference signal is sent.

[00368] However, at any sending moment, a comb occupied by each antenna port of each UE
is constant, as shown in Table 5 and FIG. 4. This causes an antenna port of one UE to suffer
interference from a same antenna port of a same UE at any sending moment. With reference to
Table 5 and FIG. 4, the antenna ports of UE 1 suffer interference from the antenna ports of UE 5
and UE 6 at any sending moment. Specifically, antenna port p, and antenna port p, of UE 1
suffer interference from antenna port p, and antenna port p, of UE 5 and antenna port p, and
antenna port p, of UE 6 at any sending moment, antenna port p; and antenna port p, of UE 1
suffer interference from antenna port p; and antenna port p, of UE 5 and antenna port p; and
antenna port p, of UE 6 at any sending moment. Other UEs are similar, and details are not
described one by one. In this way, during a plurality of times of reference signal sending,
interference presents a specific regularity. This is not conducive to interference randomization, and
Is not conducive to channel estimation.
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[00369] The following describes in detail the communication method provided in embodiments
of this application with reference to FIG. 5 to FIG. 12. Actions, terms, and the like in embodiments
of this application may be mutually referenced. This is not limited. An object name, a parameter
name, or the like in embodiments of this application is merely an example, and another name may
alternatively be used in a specific implementation. This is not limited.

[00370] Forexample, FIG. 5 is a schematic flowchart of a communication method according to
an embodiment of this application.

[00371] Asshown in FIG. 5, the communication method includes the following steps.

[00372] S501: A network device sends configuration information. Correspondingly, a terminal
device receives the configuration information.

[00373] For example, the configuration information indicates a configuration of a reference
signal.

[00374] Optionally, the reference signal may include but is not limited to an SRS.

[00375] Optionally, for a specific implementation of the configuration information, refer to the
descriptions in "First, configuration information™. Details are not described herein again.

[00376] S502: The terminal device sends the reference signal via M antenna ports based on the
configuration information. Correspondingly, the network device receives the reference signal via
the M antenna ports based on the configuration information.

[00377] For example, M is an integer greater than 0.

[00378] Optionally, the terminal device may include the M antenna ports.

[00379] For example, the M antenna ports may include at least one first antenna port.

[00380] For example, the first antenna port may be any antenna port of the terminal device. For
example, with reference to the foregoing scenario 1, the terminal device is UE 1, and the first
antenna port may be any one of antenna port p, to antenna port p; of UE 1.

[00381] In some embodiments, a comb occupied by the first antenna port may be determined
based on at least a first offset.

[00382] For example, with reference to the foregoing scenario 1, a comb occupied by one or
more of antenna port p, toantenna port p; of UE 1 may be determined based on at least the first
offset.

[00383] For example, the first offset may be an integer greater than or equal to 0.

[00384] In some embodiments, the comb occupied by the first antenna port may be determined
based on a comb quantity, a comb offset, and the first offset.

[00385] Optionally, the comb quantity may be a quantity of combs included in a transmit

bandwidth MSRS byop of the reference signal.

[00386] Optionally, the comb offset may be a reference quantity of combs occupied by the
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[00387] For example, the first offset may be determined based on at least a cell identifier and a
time domain resource occupied by the first antenna port, or the first offset may be determined
based on a cyclic shift value occupied by the first antenna port.

[00388] Optionally, the cell identifier may be configured.

[00389] Optionally, the cell identifier may be used to determine a pseudo-random sequence.
[00390] For example, the pseudo-random sequence may be c().

[00391] For example, the pseudo-random sequence may satisfy

c(n) =(x(n+Ng) +X%,(n+N))mod2 % (N+3) =(x(n+3+x(n))mod2 and

%, (N+31) =(%,(n+3) +%,(N+2) +X,(n+1) +x,(n)) mod 2,
where N = 1600 , initialization is performed on Xl(n) based on
x0)=1x(nM)=0n=12..,30 | and initialization is performed on X%(N) based on

Cont = e X, (1) 2"

[00392] For example, the cell identifier may be a configured configuration parameter. For
example, the cell identifier may be a first configuration parameter.

[00393] For example, the first configuration parameter may be a configuration parameter
delivered by the network device to a terminal device in a serving cell, and the first configuration
parameter may be NdRs, ranging from 0 to 65536.

[00394] For example, first configuration parameters of terminal devices in a same serving cell
are the same, and first configuration parameters of terminal devices in different serving cells are
different.

[00395] In a possible design method, the first offset is determined based on at least the cell
identifier and the time domain resource occupied by the first antenna port, and the first offset may
be further determined based on one or more of the following parameters: a quantity of slots
included in each system frame, a quantity of orthogonal frequency division multiplexing OFDM
symbols included in each slot, the comb quantity, and the comb offset.

[00396] Optionally, the time domain resource occupied by the first antenna port may include
one or more OFDM symbols. The one or more OFDM symbols are determined based on one or
more of the following parameters: a system frame number corresponding to the first antenna port,
a slot number corresponding to the first antenna port, and an OFDM symbol number corresponding
to the first antenna port.

[00397] In other words, a quantity of OFDM symbols included in the time domain resource

occupied by the first antenna port is not limited in this application.

62



10

15

20

25

30

[00398] Optionally, time domain resources occupied by the M antenna ports may be the same
or different.

[00399] Optionally, all first antenna ports included in the terminal device belong to a same
reference signal resource, all second antenna ports included in the terminal device belong to a same
reference signal resource, and the reference signal resource to which all the first antenna ports
belong may be the same as or different from the reference signal resource to which all the second
antenna ports belong.

[00400] In some embodiments, the first offset may be a first random number.

[00401] In other words, the first offset may be a random number. For example, the first offset
is a random number greater than 0.

[00402] Optionally, the first offset or the first random number may satisfy a formula (6), a
formula (7), a formula (8), or a formula (9).

Q1 = (Th—o c(B(npNSAMENSOL, + ngfzvslotb +l+1)+m)-2™)mod K¢ (6)

sym sym
Q1 = (Zheo c(BMENSO, + 1o + 1) +m) - 2™)mod K¢ (7)
Q1 = Sheo c(B(pNEGM NS oy + N NSO, + 1 + 1) +m) - 2™ (8)
Q1 = Sheo c(B(nE NS, + 1o + 1) +m) - 2™ (9)

[00403] In the formula (6), the formula (7), the formula (8), or the formula (9), Q, represents
the first offset or the first random number (Q; may represent the first offset; and when the first
offset is the first random number, Q, may represent the first random number); a mathematical

symbol Y i.: represents summation; c() is a pseudo-random sequence, where the pseudo-

random sequence is related to the cell identifier; n, represents the system frame number

corresponding to the first antenna port; NZame represents the quantity of the slots included in

S

each system frame, N, 51°tb represents the quantity of the OFDM symbols included in each slot;

sym

ngf represents the slot number corresponding to the first antenna port; [, + I’ represents the

OFDM symbol number corresponding to the first antenna port, where [, represents an index of a
start OFDM symbol in the one or more OFDM symbols included in the time domain resource
occupied by the first antenna port, and [’ represents a relative index of one OFDM symbol in the
one or more OFDM symbols included in the time domain resource occupied by the first antenna
port; and a mathematical symbol mod represents a modulo operation.

[00404] It should be noted that m in the formula (6), the formula (7), the formula (8), or the
formula (9) is irrelevant to a sequence length M. In the formula (6), the formula (7), the formula
(8), or the formula (9), an example in which m is an integer ranging from 0 to 7 is used for
description, and a value range of m in the formula (6), the formula (7), the formula (8), or the

formula (9) is not limited in this application.
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[00405] In this application, the comb occupied by the first antenna port of the terminal device
is determined based on the first offset, so that a frequency domain resource (the comb) occupied
by the terminal device may randomly change at different sending moments. In this way, a terminal
device that causes interference to the terminal device randomly changes. Therefore, frequency-
domain interference randomization is implemented, and a better interference randomization effect
can be achieved.
[00406] In some embodiments, an index k%) that is of a comb occupied by antenna port p;
and that is determined based on the comb quantity, the comb offset, and the first offset may satisfy
the following formula: k%') = (ktc + Krc/2 + Q1) mod Krc, or k%') = (k¢ + Q1) mod Krc,
where krc represents the comb offset, krc € {0,1,...,Krc — 1}, Kyc represents the comb
quantity, and Q, represents the first offset.
[00407] For example, the index k%') that is of the comb occupied by antenna port p; of the
terminal device and that is determined based on the comb quantity, the comb offset, and the first
offset may satisfy the following formula (10):

-

(ktc + Krc/2 4+ Q) mod Krc  NiR® = 4,p; € {1001,1003},ngze = 6

(krc + Krc/2 + Q1) mod Krc - N = 4,p; € {1001,1003}ns € {ngps™ /2, ... ngzs — 1}  (10)
(ktc + Q1) mod K¢ otherwise (otherwise)

[00408]  Similar to the foregoing formula (2), in the formula (10), ktc represents the comb
offset, ktc € {0,1, ..., K7c — 1}, Krc represents the comb quantity, and Q, represents the first
offset.

[00409]  When a first condition is satisfied: N3 = 4,and p; € {1001, 1003}, and ngpg™ = 6;
or when a second condition is satisfied: Nz = 4,andp; € {1001,1003}, and nss €
(nST /2, a1} the index kP that is of the comb occupied by antenna port p; and
that is determined based on the comb quantity, the comb offset, and the first offset may be

expressed as kP = ktc + Ktc/2 + Q1) mod Krc. When neither the first condition nor the
TC

second condition is satisfied, the index k%') that is of the comb occupied by antenna port p; and
that is determined based on the comb quantity, the comb offset, and the first offset may be
expressed as k%') = (ktc + Q1) mod Krc.

[00410]  With reference to Table 6 and FIG. 6, the following describes a comb occupied by an
antenna port of each terminal device after the comb occupied by the first antenna port is determined

based on at least the first offset.
[00411] The foregoing scenario 1 is used as an example. The comb occupied by each antenna
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port (antenna port p, to antennaport ps) of UE 1 to UE 8 is determined based on at least the first
offset. The comb occupied by the antenna port of each UE may be shown in Table 6 and FIG. 6.

[00412]
and comb 3, and antenna ports of UE 3, UE 4, UE 7, and UE 8 occupy same comb 2 and same

At sending moment 1, antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy comb 1

comb 4. UE 1 is used as an example. The antenna ports of UE 1 suffer interference, on comb 1 and
comb 3, from antenna ports of UE 5 and UE 6.
[00413]

and antenna port p, of each UE occupy one comb, and antenna port p; and antenna port p;

It should be noted that, in Table 6 and FIG. 6, an example in which antenna port p,

occupy one comb is used. For example, the comb occupied by antenna port p, and antenna port
p, isacomb with a smaller comb index in two combs occupied by the UE, and the comb occupied
by antenna port p; and antenna port p; is a comb with a larger comb index in the two combs
occupied by the UE. For ease of understanding, Table 6 and FIG. 6 show the UEs, corresponding
base sequences, and corresponding combs, but do not show the antenna ports.

[00414]
and comb 3, and antenna ports of UE 3, UE 4, UE 5, and UE 6 occupy comb 2 and comb 4. The

At sending moment 2, antenna ports of UE 1, UE 2, UE 7, and UE 8 occupy comb 1

antenna ports of UE 1 suffer interference, on comb 1 and comb 3, from antenna ports of UE 7 and
UE 8.

[00415]
2 and comb 4, and the antenna ports of UE 3, UE 4, UE 5, and UE 6 occupy comb 7 and comb 8.

At sending moment n, the antenna ports of UE 1, UE 2, UE 7, and UE 8 occupy comb

The antenna ports of UE 1 suffer interference, on comb 2 and comb 4, from the antenna ports of
UE 7 and UE 8.

Table 6

Sending moment 1

land 3

land 3

2and 4

Cell1 UE 1: r;,combs | UE 2: r,combs | UE3: r;,combs | UE 4: ry,
land 3 land 3 2and 4 combs 2 and 4
Cell 2 UE 5: r,, combs | UEG6: r,,combs | UE7: r,,combs | UE8: r,,

combs 2 and 4

Sending moment 2

2and 4

2 and 4

land 3

Cell1 UE 1: r;,combs | UE 2: r,combs | UE3: r;,combs | UE 4: ry,
land3 land3 2and 4 combs 2 and 4
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

combs 1and 3
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Sending moment n
Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE4: ry,
2and 4 2and 4 1and3 combs 1 and 3
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,
2and 4 2and 4 land3 combs 1 and 3
[00416] In this way, frequency domain resources (combs) occupied by the antenna ports of UE

1 randomly change at different sending moments, so that a UE that causes interference to UE 1
randomly changes. At some sending moments, UE 5 and UE 6 cause interference to UE 1. At some
sending moments, UE 7 and UE 8 cause interference to UE 1. An antenna port that causes
interference to the antenna port of UE 1 randomly changes, to achieve the better interference

randomization effect.

[00417] In a possible design method, the M antenna ports may further include at least one
second antenna port.

[00418] Optionally, the second antenna port may be any antenna port of the terminal device.
[00419] For example, with reference to the foregoing scenario 1, the terminal device is UE 1,

antenna port p, and antenna port p, of UE 1 may be first antenna ports, and antenna port p;

and antenna port p; of UE 1 may be second antenna ports.

[00420] Optionally, a comb occupied by the second antenna port may be determined based on
at least a second offset Q,.

[00421] Optionally, the second offset @, is different from the first offset.

[00422] For example, with reference to the foregoing scenario 1, a comb occupied by antenna

port p, and antenna port p, of UE 1 may be determined based on at least the first offset, and a
comb occupied by antenna port p, and antenna port p; of UE 1 may be determined based on at

least the second offset.

[00423] For example, the second offset Q, may be an integer greater than 0 or equal to 0.
[00424] In some embodiments, the comb occupied by the second antenna port may be
determined based on the comb quantity, the comb offset, and the second offset.

[00425] Optionally, the comb quantity may be the quantity of combs included in the transmit
bandwidth of the reference signal.

[00426] Optionally, the comb offset may be the reference quantity of the combs occupied by
the reference signal.

[00427] In some embodiments, the second offset @, may be determined based on at least the

cell identifier and a time domain resource occupied by the second antenna port.

[00428] In some embodiments, the second offset @, may be determined based on at least the
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cell identifier and the time domain resource occupied by the second antenna port, or the second
offset may be determined based on one or more of the following parameters: the quantity of the
slots included in each system frame, the quantity of the OFDM symbols included in each slot, the
comb quantity, and the comb offset.

[00429] Optionally, the time domain resource occupied by the second antenna port includes one
or more OFDM symbols. Optionally, the one or more OFDM symbols are determined based on
one or more of the following parameters: a system frame number corresponding to the second
antenna port, a slot number corresponding to the second antenna port, and an OFDM symbol
number corresponding to the second antenna port.

[00430] In other words, a quantity of OFDM symbols included in the time domain resource
occupied by the second antenna port is not limited in this application.

[00431] Insome embodiments, the second offset Q, may be a second random number.
[00432] In other words, the second offset may be a random number. For example, the second
offset is a random number greater than 0.

[00433] Optionally, the second offset or the second random number may satisfy a formula (11),
a formula (12), a formula (13), or a formula (14).

Q2 = (X71=0 c(B(nyNSZMeNSIO + n NSO +1,+1) +m+1) - 2™)mod Ky

sym sym

(11)
Q2 = (Bm=oc(BMENSN, + 1o + 1) + m + 1) - 2™)mod Kr¢ (12)
Q2 = L= c(8(y Ngjot " Naymmp + 1 Neyonp + lo + 1) +m + 1) - 2™ (13)
Q2 = Ymeo (B NS, + 1o + 1) +m+ 1) - 2™ (14)

[00434] In the formula (11), the formula (12), the formula (13), or the formula (14), Q,
represents the second offset or the second random number (Q, may represent the second offset;
and when the second offset is the second random number, Q, may represent the second random

number); n, represents the system frame number corresponding to the second antenna port; ngf

represents the slot number corresponding to the second antenna port; and [, + ' represents the
OFDM symbol number corresponding to the second antenna port, where [, represents an index
of a start OFDM symbol in the one or more OFDM symbols included in the time domain resource
occupied by the second antenna port, and [’ represents a relative index of one OFDM symbol in
the one or more OFDM symbols included in the time domain resource occupied by the second
antenna port.

[00435] Meanings represented by other symbols are similar to those in the formula (6), the

formula (7), the formula (8), or the formula (9), where the mathematical symbol )’ :.: represents

summation; c¢() is a pseudo-random sequence, where the pseudo-random sequence is related to
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the cell identifier; NI2Me represents the quantity of the slots included in each system frame;

NSS;,‘r’Ifb represents the quantity of the OFDM symbols included in each slot; and the mathematical
symbol mod represents a modulo operation.

[00436] Insome other embodiments, the second offset @, may be a sum of the first offset Q;
and a third offset A.

[00437] Optionally, the third offset 4 may be an integer greater than or equal to 0.

[00438] In some embodiments, the third offset may be determined based on at least the cell
identifier and the time domain resource occupied by the second antenna port.

[00439] Optionally, the third offset may alternatively be determined based on one or more of
the following parameters: the quantity of the slots included in each system frame, the quantity of
the OFDM symbols included in each slot, the comb quantity, and the comb offset.

[00440] In some embodiments, the third offset may be a third random number.

[00441] Optionally, the third random number may satisfy a formula (15), a formula (16), a

formula (17), or a formula (18).

A= (Y=o C(8("stflr§tmeNss;z(r)rfb + ni’,fNSl"tb +l+l)+m+1)-

sym
2™)mod (Ktc/2) (15)
A= (Thooc(BMENS, + 1o+ 1) +m+ 1) 2™)mod (Kr¢/2) (16)

4= (37 C(8(an§1rjtmeNSS}l,‘I’rfb + nng:}l,‘r’rEb + 1o+ 1) +m)-2™)mod (Krc/2)
(17)
A= (Thooc(BMENSN, + 1o + 1) +m) - 2™)mod (Kr¢/2) (18)

[00442] In the formula (15), the formula (16), the formula (17), or the formula (18), 4
represents the third random number, and meanings represented by other symbols are the same as
those in the formula (11), the formula (12), the formula (13), or the formula (14). Details are not
described herein again.

[00443] In this application, the comb occupied by the first antenna port of the terminal device
is determined based on the first offset, and the comb occupied by the second antenna port of the
terminal device is determined based on the second offset, so that the comb occupied by the antenna
port of the terminal device randomly changes at different sending moments, and intervals between
a plurality of combs occupied by the antenna ports of the same terminal device may also change
randomly. In this way, antenna ports that cause interference to the antenna port of the terminal
device are random at different sending moments, and antenna ports that cause, at a same sending
moment, interference to antenna ports that are of the terminal device and that occupy different
combs may not be antenna ports of a same terminal device. This can implement the frequency-
domain interference randomization, and can further improve a degree of freedom of the frequency

68



10

15

20

25

domain resource occupied by the antenna port of the terminal device, to further improve the
interference randomization effect.
[00444] In some embodiments, an index k%) that is of a comb occupied by antenna port p;

and that is determined based on the comb quantity, the comb offset, and the second offset may
satisfy the following formula: k%') = (krc + Krc/2 + Q;) mod Krc, k%') = (k¢ + Q2) mod
Krc, k%') = (ktc + Krc/2 + Q1 + A) mod K¢, or k%') = (ktc + Q1 + A) mod Krc, where
krc represents the comb offset, krc € {0,1, ..., Ktc — 1}, K7c represents the comb quantity, Q,
represents the first offset, Q, represents the second offset, and A4 represents the third random
number.

[00445] For example, combs occupied by some antenna ports of the terminal device may be
determined based on the first offset, and combs occupied by the other antenna ports of the terminal

device may be determined based on the second offset. The index k%') of the comb occupied by
antenna port p; of the terminal device may satisfy the following formula (19), formula (20),
formula (21), or formula (22).
-
(ktc + K1c/2+ Q1) mod Ky N3RS = 4,p; € {1001,1003},ngpe " = 6
(ktc + Ktc/2 4 Q) mod Krc N3RS = 4,p; € {1001,1003},nés € {ngpe /2, ..., ngps " — 1} (19)
(ktc + Q2) mod Krc otherwise (otherwise)
-
(ktc + K1c/2 4+ Q2) mod K¢ N3RS = 4,p; € {1001,1003},ngpe " = 6
(krc + K1c/2 4+ Q2) mod Krc N3RS = 4,p; € {1001,1003},nks € {nne /2, ..., ngpa — 1} (20)
(ktc + Q1) mod K¢ otherwise (otherwise)
-
(ktc + Krc/2 4+ Q) mod Krc NiR® = 4,p; € {1001,1003},ngze” = 6
(ktc + Krc/2+ Q) mod Krc N3RS = 4,p; € {1001,1003},nks € {ngge /2, ..., ngpe " — 1} (21)
(ktc + Q1+ A) mod Krc otherwise (otherwise)
-
(krc + K1c/2+ Q@ + A) mod Krc Ngi® = 4,p; € {1001,1003},ngpe" = 6

(ktc + K1c/2+ Qy + A) mod K¢ Ni&S = 4,p; € {1001,1003},n&ks € {ngns” /2, ..., ngne  — 1} (22)
(ktc + Q1) mod K¢ otherwise (otherwise)

[00446] Similar to the foregoing formula (2), in the formula (19), formula (20), formula (21),
or formula (22), krc represents the comb offset, krc € {0,1, ..., Krc — 1}, Kyc represents the
comb quantity, Q, represents the first offset, Q, represents the second offset, and 4 represents
the third random number.

[00447] In the formula (19), when a first condition is satisfied: N3°=4,p; €
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{1001,1003}, and ngig = 6 ; or when a second condition is satisfied: Ny =4,p; €
{1001,1003}, and ng € {nST1%/2, .., nST™* _ 1} | the index kP that is of the comb
occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,
and the first offset may be expressed as k%') = (ktc + Krc/2 + Q1) mod Krc. When neither the

first condition nor the second condition is satisfied, the index k%') that is of the comb occupied

by antenna port p; and that is determined based on the comb quantity, the comb offset, and the
second offset may be expressed as k%') = (ktc + Q) mod Krc.

[00448] In the formula (20), when a first condition is satisfied: Ng> =4,p; €
{1001,1003}, and ngig = 6 ; or when a second condition is satisfied: Ny =4,p; €
{1001,1003}, and ns € {nS1%/2, .., nS0™* _ 1} the index kP that is of the comb
occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,

and the second offset may be expressed as k%) = (ktc + Krc/2 + Q;) mod Krc. When neither

the first condition nor the second condition is satisfied, the index k%') that is of the comb
occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,
and the first offset may be expressed as k%') = (ktc + Q1) mod Krc.

[00449] In the formula (21), when a first condition is satisfied: Ng*> =4,p; €
{1001,1003}, and ngps = 6 ; or when a second condition is satisfied: N3R° =4,p; €
{1001,1003}, and ns € (nS0%/2, .., nSI™ — 1}, the index kPP that is of the comb
occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,
and the first offset may be expressed as k%') = (ktc + Krc/2 + Q1) mod Krc. When neither the
first condition nor the second condition is satisfied, the index k%') that is of the comb occupied
by antenna port p; and that is determined based on the comb quantity, the comb offset, and the
second offset may be expressed as k%') = (ktc + Q1 + A) mod Krc.

[00450] In the formula (22), when a first condition is satisfied: N3°=4,p; €
{1001,1003}, and ngps = 6 ; or when a second condition is satisfied: N3I° =4,p; €
{1001,1003}, and ng € {nST1%/2, .., nST™ _ 1} | the index kP that is of the comb
occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,
and the second offset may be expressed as k%') = (ktc + Kvc/2 + Q1 + A) mod Krc. When
neither the first condition nor the second condition is satisfied, the index k%') that is of the comb

occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,
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and the first offset may be expressed as k%') = (ktc + Q1) mod Krc.

[00451]  With reference to Table 7 and FIG. 7, the following describes a comb occupied by an
antenna port of each terminal device after combs occupied by different antenna ports are
determined based on at least the first offset or the second offset.

[00452] The foregoing scenario 1 is used as an example. That a comb occupied by two antenna
ports of each of UE 1 to UE 8 is determined based on at least the first offset, and a comb occupied
by the other two antenna ports of each of UE 1 to UE 8 is determined based on at least the second
offset is used as an example. The comb occupied by the antenna port of each UE may be shown in
Table 7 and FIG. 7.

[00453] At sending moment 1, antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy comb 1
and comb 3, and antenna ports of UE 3, UE 4, UE 7, and UE 8 occupy same comb 2 and same
comb 4.

[00454] UE 1 is used as an example. At sending moment 1, the antenna ports of UE 1 suffer
interference, on comb 1 and comb 3, from antenna ports of UE 5 and UE 6.

[00455] It should be noted that, in Table 7 and FIG. 7, an example in which antenna port p,
and antenna port p, of each UE occupy one comb, and antenna port p, and antenna port p;
occupy one comb is used. For example, the comb occupied by antenna port p, and antenna port
p, isacomb with a smaller comb index in two combs occupied by the UE, and the comb occupied
by antenna port p; and antenna port p; is a comb with a larger comb index in the two combs
occupied by the UE. For ease of understanding, Table 7 and FIG. 7 show the UEs, corresponding
base sequences, and corresponding combs, but do not show the antenna ports.

[00456] At sending moment 2, antenna ports of UE 1, UE 2, UE 7, and UE 8 occupy comb 1,
the antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy comb 2, the antenna ports of UE 3, UE
4, UE 7, and UE 8 occupy comb 3, and antenna ports of UE 3, UE 4, UE 5, and UE 6 occupy comb
4.

[00457] UE 1 is used as an example. At sending moment 2, the antenna ports (for example,
antenna port p, and antenna port p,) of UE 1 suffer interference, on comb 1, from antenna ports
(for example, antenna port p, and antenna port p,) of UE 7 and UE 8. The antenna ports (for
example, antenna port p; and antenna port p;) of UE 1 suffer interference, on comb 2, the
antenna ports (for example, antenna port p, and antenna port p,) of UE 5 and UE 6.

[00458] At sending moment n, the antenna ports of UE 1, UE 2, UE 7, and UE 8 occupy comb
1, the antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy comb 4, the antenna ports of UE 3,
UE 4, UE 5, and UE 6 occupy comb 2, and the antenna ports of UE 3, UE 4, UE 7, and UE 8
occupy comb 4.

[00459] UE 1 is used as an example. At sending moment n, the antenna ports (for example,
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antenna port p, and antenna port p,) of UE 1 suffer interference, on comb 1, from the antenna
ports (for example, antenna port p, and antenna port p,) of UE 7 and UE 8. The antenna ports

(for example, antenna port p; and antenna port p;) of UE 1 suffer interference, on comb 4, the

antenna ports (for example, antenna port p, and antenna port p,) of UE 5 and UE 6.

Table 7

Sending moment 1

land 3

land 3

2and 4

Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE4: ry,
land 3 land 3 2and 4 combs 2 and 4
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

combs 2 and 4

Sending moment 2

2and 4

2and 4

land 3

Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE4: ry,
land?2 land?2 3and 4 combs 3 and 4
Cell 2 UE 5: r,, combs | UEG6: r,,combs | UE7: r,,combs | UE8: r,,

combs 1and 3

Sending moment n

Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE 4: ry,
land 4 land 4 2and 3 combs 2 and 3
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,
2and 4 2and 4 land 3 combs 1 and 3
[00460] In this way, after the comb occupied by the two antenna ports of each of UE 1 to UE 8

is determined based on at least the first offset, and the comb occupied by the other two antenna
ports of each of UE 1 to UE 8 is determined based on at least the second offset, the comb occupied
by the antenna port of UE 1 randomly changes at different sending moments. For example, at
sending moment 1, UE 1 sends a reference signal through comb 1 and comb 3; and at sending
moment 2, UE 1 sends a reference signal through comb 1 and comb 4, so that an antenna port that
causes interference to the antenna port of UE 1 randomly changes. In addition, antenna ports that
cause, at a same sending moment, interference to antenna ports, that are of the terminal device
(antenna port p, and antenna port p, of UE 1, and antenna port p, and antenna port p; of UE
1) and that occupy different combs may not be antenna ports of a same terminal device. For

example, at sending moment 2, antenna port p, and antenna port p, of UE 1 suffer interference,
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on comb 1, from antenna ports p, and antenna ports p, of UE 7 and UE 8, and antenna port p,
and antenna port p; of UE 1 suffer interference, on comb 2, from antenna ports p, and antenna
ports p, of UE 5 and UE 6. This can further improve the degree of freedom of the frequency
domain resource occupied by the antenna port of the terminal device, and can further improve a
degree of interference randomization caused to the terminal device, to further improve the
interference randomization effect.

[00461] Insome embodiments, with reference to the foregoing scenario 1, it is assumed that for

each UE, cyclic shift reference value ngyg =. After the index k%') of the comb occupied by
antenna port p; is obtained according to the formula (2), the comb occupied by each antenna port
of each UE is shown in Table 8 and FIG. 8.

[00462] Atsending moment 1, antenna port p,, antenna port p,, antenna port p,, and antenna
port p; of UE 1 occupy comb 1. Antenna port p,, antenna port p,, antenna port p,, and antenna
port p; of UE 5 occupy comb 1. Other UEs are not listed one by one. For details, refer to Table
8. UE 1 is used as an example. Antenna port p, to antenna port p; of UE 1 suffer interference,

on comb 1, from antenna port p, to antenna port p; of UE 5.

Table 8

Sending moment 1

Cell1 |UE1L py: 1y, |UEL py: p,combl |UE1L py: 1, comb | UE1L ps: 7y,
comb 1 1 comb 1
UE2 py: 13, |UE2 py: r;,comb2 | UE2 p,: r,comb | UE2 p3: 1y,
comb 2 2 comb 2
UE3 py: 15, |UE3 p;: r;,comb3 | UE3 p,: r,comb | UE3 p3: 1y,
comb 3 3 comb 3
UE4 py: 15, |UE4 py: r;,comb4 | UE4 p,: ry,comb | UE4 ps: 1y,
comb 4 4 comb 4

Cell2 | UES py: 1, |UEDS py: mp,combl | UES py: 1y, comb | UES ps: 1y,
comb 1 1 comb 1
UEG6 py: 12, |UEG6 pi: mp,comb2 | UEG py: ry,comb | UEG p3: 1y,
comb 2 2 comb 2
UE7 po: 15, |UE7 pi: rp,comb3 |UE7 py: ry,comb | UE7 ps: 1y,
comb 3 3 comb 3
UES8 py: 1, |UES8 p;: rp,comb4 | UES8 p,: 1y, comb | UE8 ps: 1y,
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comb 4 4 comb 4

Sending moment 2

Cell1 |UE1L py: 1y, |UE1L py: y,combl |UE1L p,: ry,comb | UE1L ps: 1y,
comb 1 1 comb 1
UE2 py: 15, |UE2 py: ri,comb2 |UE2 p,: r,comb | UE2 p3: 1y,
comb 2 2 comb 2
UE3 py: 13, |UE3 p;: r;,comb3 | UE3 p,: r,comb | UE3 p3: 1y,
comb 3 3 comb 3
UE4 py: 15, |UE4 py: r;,comb4 | UE4 p,: r,comb | UE4 ps: 1y,
comb 4 4 comb 4

Cell2 | UES5 py: 1, |UES py: rp,combl | UES p,: 1y, comb | UES ps: 1y,
comb 1 1 comb 1
UEG6 py: 15, |UEG6 pi: rp,comb2 | UEG6 py: ry,comb | UEG p3: 1y,
comb 2 2 comb 2
UE7 py: 15, |UE7 pi: rp,comb3 | UE7 py: ry,comb | UE7 p3: 1y,
comb 3 3 comb 3
UES8 py: 1, |UES8 p;: rp,comb4 | UES8 p,: 1y, comb | UE8 ps: 1y,
comb 4 4 comb 4

Sending moment n

Cell1 |UE1L py: 1y, |UEL py: p,combl |UE1L py: 1, comb | UE1L ps: 7y,
comb 1 1 comb 1
UE2 py: 17, |UE2 p;: r;,comb2 |UE2 p,: ry,comb | UE2 p3: 1y,
comb 2 2 comb 2
UE3 py: 15, |UE3 p;: r;,comb3 | UE3 p,: r,comb | UE3 p3: 1y,
comb 3 3 comb 3
UE4 py: 15, |UE4 py: r;,comb4 | UE4 p,: r,comb | UE4 ps: 1y,
comb 4 4 comb 4

Cell2 | UES py: 1, |UEDS py: rp,combl | UES py: 1y, comb | UES ps: 1y,
comb 1 1 comb 1
UEG6 py: 15, |UEB6 pi: rp,comb2 | UEG p,: 1y, comb | UEG ps: 1y,
comb 2 2 comb 2
UE7 po: 15, |UE7 pi: rp,comb3 |UE7 py: rp,comb | UE7 ps: 1y,
comb 3 3 comb 3
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UES8 py: 15, |UES8 p;: rp,comb4 | UES p,: ry,comb | UE8 p3: 1y,

comb 4 4 comb 4

[00463] Atsending moment 2, antenna port p,, antenna port p,, antenna port p,, and antenna
port p; of UE 1 occupy comb 1. Antenna port p,, antenna port p,, antenna port p,, and antenna
port p; of UE 5 occupy comb 1. Other UEs are not listed one by one. For details, refer to Table
8. UE 1 is used as an example. Antenna port p, to antenna port p; of UE 1 suffer interference,
on comb 1, from antenna port p, to antenna port p; of UES5.

[00464] Similarly, at sending moment n, antenna port p,, antenna port p,, antenna port p,,
and antenna port p; of UE 1 occupy comb 1. Antenna port p,, antenna port p,, antenna port p,,
and antenna port p; of UE 5 occupy comb 1. Other UEs are not listed one by one. For details,
refer to Table 8. UE 1 is used as an example. Antenna port p, to antenna port p; of UE 1 suffer
interference, on comb 1, from antenna port p, to antenna port p; of UE 5.

[00465] At any sending moment, each antenna port suffers interference from a same antenna
port. UE 1 is used as an example. At any sending moment, antenna port p, to antennaport p; of
UE 1 suffer interference from antenna port p, to antenna port p; of UE 5. This is not conducive
to interference randomization.

[00466] Inapossible design method, the first offset is determined based on the cyclic shift value
occupied by the first antenna port.

[00467] Optionally, there may be a correspondence between the first offset and the cyclic shift
value.

[00468] In this way, the comb occupied by the antenna port is obtained based on the first offset,
where a value of the first offset is related to the cyclic shift value. In this case, the comb occupied
by the antenna port is affected by the cyclic shift value and the first offset, so that a comb occupied
by and a cyclic shift value used by each antenna port change randomly at different sending
moments, and an antenna port that causes interference to the antenna port of the terminal device
also changes randomly at different sending moments. At a same sending moment, antenna ports
that cause interference to different antenna ports of the terminal device are different. Two-
dimensional interference randomization in code domain and in frequency domain can be
implemented, the interference randomization effect can be further enhanced, and an interference
randomization convergence speed can be accelerated.

[00469] In addition, due to introduction of the cyclic shift value, interference levels of
interference caused by antenna port p, of UE x to antenna port p, of UEy may still vary greatly
at different sending moments. In this way, an excellent interference randomization effect can be

ensured.
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[00470] In a possible design method, that the first offset is determined based on a cyclic shift
value occupied by the first antenna port may include: The first offset is determined based on a
range to which the cyclic shift value belongs.

[00471] Optionally, the range to which the cyclic shift value belongs may be divided into at
least two intervals.

[00472] For example, it is assumed that the range of the cyclic shift value is divided into a first
range and a second range, and the cyclic shift value is a;. If a; belongs to the first range, the
value of the first offset is kosser,,; OF if @y belongs to the second range, the value of the first
offsetis kofrset, -

[00473] In some embodiments, if «; mod 2w € R, for a cyclic shift value corresponding to
antenna port p;, the value of the first offset is kofrser,,; if @; mod 2m € Ry, the value of the first

offsetis kofsset,; and similarly, if a; mod 2m € R,,_4, the value of the first offset is koffsety_l,

where R, represents the first range, R; represents the second range, and similarly,
R,_; represents a y" range; and a mathematical symbol € represents belonging to.
[00474] Optionally, RyUR;U..UR, ;= 2m, V¢, d€{0,1,..,y—1},c #d,and R, N
R, = @. To be specific, a union set of y ranges is 2m, and an intersection set of any two ranges is
empty.
[00475] In some embodiments, the cyclic shift value may satisfy a formula: «; =

;—:C ((Z7z0 (B NEZMENSIt, + A NSI, + 1o + 1) +m) - 2)mod Myc ) +
2 nee™(p;—1000) :
o ((nESRs + SRST) mod "gspa@a)()'
SRS ap
where Myc represents a length of a sequence; c() is a pseudo-random sequence,
where the pseudo-random sequence is related to the cell identifier; ns represents the system frame

number corresponding to the first antenna port; N;gatme represents the quantity of the slots

included in each system frame; Nss)',‘,)ﬁb represents the quantity of the OFDM symbols included in
each slot; ngf represents the slot number corresponding to the first antenna port in a subcarrier

configuration u; and [, + I" represents the OFDM symbol number corresponding to the first
antenna port, where [, represents the index of the start OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the first antenna port, and [’ represents
a relative index of one OFDM symbol in the one or more OFDM symbols included in the time
domain resource occupied by the first antenna port.

[00476] In some other embodiments, the cyclic shift value may satisfy a formula: «; =

cs,i
;—ZC ((Z7z0 (B NEAmENSIOE, + i NSISS, + Lo + 1') +m) - 2")mod My ) + 27 —255. For a

sym sym ng o
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meaning represented by ng;g refer to the corresponding descriptions of ng;g in the foregoing

"Third, cyclic shift value™. Details are not described herein again.

[00477] In still some embodiments, the cyclic shift value may satisfy a formula: «; =

21 nSSl
oo (Smo BN SR, + 1o + 1) +m) - 27")mod Myc ) + 2 s

[00478] It should be noted that, unless otherwise specified in embodiments of this application,
meanings represented by the parameters in the formulas may be mutually referenced. This is not
limited.

[00479] It should be noted that the cyclic shift value is not limited in embodiments of this
application.

[00480] In some embodiments, the first offset is determined based on the cyclic shift value

occupied by the first antenna port, and the index k%') that is of the comb occupied by antenna
port p; and that is determined based on the comb quantity, the comb offset, and the first offset
may satisfy the following formula: k%') = (krc + Krc/2 + kogtser) mod Krc , or k%') =
(ktc + kogtser) mod Krc, where krc represents the comb offset, krc € {0,1, ..., Krc — 1}, Krc

represents the comb quantity, and kygser represents the first offset.

[00481] For example, the first offset is determined based on the range to which the cyclic shift

value belongs, and the index k%') that is of the comb occupied by antenna port p; and that is
determined based on the comb quantity, the comb offset, and the first offset may satisfy the
following formula (23):
k(pi) —
TC

(Rre + Krc/2 + koftset,,_; ) Mod Krc @; mod 27 € Ry, NSFS = 4,p; € {1001,1003}, 0™ = 6

(krc + Krc/2 + koftset, ) mod K¢ a; mod 27 € Ry, Ng&¥S = 4,p; € {1001,1003},ngze” = 6
(ETC + KTC/Z + koffseto) mod KTC a; mod 21 € R(), NaSpRS =4, pi € {1001' 1003}' ng?{fgax =6
(Rvc + Krc/2 + koftset, ;) Mod Krc a; mod 21 € Ry, NSFS = 4,p; € {1001,1003},

(o] CSs,max CS,max
néxs € {ngps /2, ngpe — 1}

(krc + Ktc/2 + koftset, ) Mod K¢ a; mod 2 € Ry, N5 = 4,p; € {1001,1003},néks € {ngyg /2, ..., ngpa " — 1} (23)
(kv + Kvc/2 + koftset,) Mod Ktc a; mod 21 € Ry, N3i® = 4,p; € {1001,1003},ngxs € {ngpe /2, ..., ngng — 1}

(ETC + koffsety_l) mod K1¢ a; mod 21 € Ry—lr
N3RS # 4 or p; € {1000,1002} or (ngs € {0, ..., ngps /2 — 1}, ngpe # 6)

(ETC + koffsetl) mod KTC a; mod 21 € Rl!

N3RS # 4 or p; € {1000,1002} or (ngs € {0, ..., ngpe /2 — 1}, ngpe  # 6)
(ETC + koffseto) mod KTC a; mod 21 € RO,

N3RS # 4 or p; € {1000,1002} or (ngs € {0, ..., ngps /2 — 1}, ngpe # 6)

[00482]  Similar to the foregoing formula (2), in the foregoing formula (23), krc represents the

comb offset, krc € {0,1, ..., Krc — 1}, K7c represents the comb quantity, and each of kggtseto
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t0 Kkofrsetn—q May represent the first offset.

[00483]  When the first condition is satisfied: Ng> = 4,p; € {1001,1003}, and nggs " = 6,
the index k%') of the comb occupied by antenna port p; is related to the cyclic shift value. For
example, when the cyclic shift value «; mod 2 € R, the index k%') of the comb occupied by
antenna port p; satisfies k%) = (ktc + Krtc/2 + Koftset,) Mod Krc. For example, when the
cyclic shift value a; mod 2w € R,, the index k%') of the comb occupied by antenna port p;
satisfies k%') = (krc + Krc/2 + Kofser,) Mmod Krc. For example, when the cyclic shift value
a; mod 2w € R,_4, the index k%') of the comb occupied by antenna port p; satisfies k%') =
(ETC + Krc/2 + koffsety_l) mod Krc.

[00484] Similarly, when the second condition is satisfied: N =4,p; €

{1001,1003}, and ng € {nS1%/2, .., nS0% _ 1}, the index kP? of the comb occupied by
antenna port p; is related to the cyclic shift value. For details, refer to the foregoing formula.
Details are not described again. When neither the first condition nor the second condition is
satisfied (as shown in the foregoing formula (23), NgiS # 4 or p; € {1000,1002} or (ngs €
{0, ..., 57 /2 — 1}, and nST™ % 6)), the index k2 of the comb occupied by antenna port
p; Iis related to the cyclic shift value. For example, when the cyclic shift value «; mod 2 € Ry,

the index k%') of the comb occupied by antenna port p; satisfies k%') = (krc + Koftset,) Mod
K1c. For example, when the cyclic shift value a; mod 2w € R, the index k%') of the comb
occupied by antenna port p; satisfies k%') = (krc + Koftset,;) mod Krc. For example, when the
cyclic shift value a; mod 2m € R,,_4, the index k%) of the comb occupied by antenna port p;
satisfies k%') = (ETC + koffsety_l) mod Krc.

[00485]  With reference to Table 9 and FIG. 9, the following describes a comb occupied by each
terminal device after the first offset is determined based on the cyclic shift value occupied by the
first antenna port, and the comb occupied by the antenna port is determined based on at least the
first offset.

[00486] The foregoing scenario 1 is used as an example. The first offset is determined based on
the cyclic shift value occupied by the first antenna port, and a comb occupied by each antenna port

(antenna port p, to antenna port p;) of UE 1 to UE 8 is determined based on at least the first

offset. It is assumed that in the foregoing formula (23), R, = [O, %) +§c, c=0,1,2,3, y =4,

and Korser, = €. Inthis case, an index k%') of the comb occupied by each SRS port p; may be
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expressed as:

(Rrc + Krc/2 + 3) mod Krc a; mod 27 € En Zn) N3RS = 4,p; € {1001,1003}, ngpa = 6

(kvc + Kvc/2 + 2) mod Krc @; mod 2 € n,;n) NGRS = 4,p; € {1001,1003}, ngre” = 6

(Fre + Kre/2 + 1) mod Kre @; mod 27 € [gn) NSRS = 4,p; € {1001,1003}, nS7™ = 6

(Frc + Kre/2) mod Ky a; mod 21 € [0,%),1v§pRS = 4,p; € {1001,1003}, n31% = 6

(krc + Kre/2 + 3) mod Krc a; mod 21 € Eﬂ 271) NSRS = 4,p; € {1001,1003}, n§ss € {ngpe /2, ..., ngpe ™ — 1}
oo - | (et Krc/2.+2) mod Krc o mod 21 € [ 37). NSFS = 4, € (1001, 1003), s € (RS2, . nE50% 1)

(Fre + Kre/2 + 1) mod Kre @; mod 21 € [gn) NSRS = 4,p; € {1001,1003}, n$s € (nS0%/2, ..., 0™ — 1)

(Fre + Krc/2) mod Krc a; mod 21 € [o,g),NaSpRS = 4,p; € {1001,1003},nSs € (nS50¥/2, .., nST™ — 1}

(kv + 3) mod Krc @; mod 27 € Bn, 271) , (NaSpRS # 4 orp; € {1000,1002} or (n&s € {0, ..., nSpe /2 — 1} and nig™ # 6))
(krc + 2) mod Krc @; mod 27 € [nén) ) (NaSpRS # 4 or p; € {1000,1002} or (ngss € {0, ..., ngpe /2 — 1} and ngpe ™ # 6))

(krc + 1) mod Krc @; mod 27 € [g,n) , (NaSpRS # 4 orp; € {1000,1002} or (nks € {0, ..., nSpe /2 — 1} and ngge™ # 6))

(krc) mod Krc a; mod 2m € [o,%),(NS,,RS # 4 or p; € {1000,1002} or (ngks € {0, ., nGE™/2 — 1} and nt™ # 6))

, and combs occupied by each UE may be shown in Table 9 and FIG. 9.
[00487]  With reference to Table 9 and FIG. 9, at sending moment 1, antenna port p, to antenna
port p; of UE 1 respectively occupy comb 1, comb 2, comb 3, and comb 4; and antenna port p,
to antenna port p; of UE 2 respectively occupy comb 2, comb 3, comb 4, and comb 1. Details
are not listed one by one. For details, refer to Table 9 and FIG. 9.
[00488] UE 1 is used as an example. At sending moment 1, antenna port p, of UE 1 suffers
interference, on comb 1, from antenna port p; of UE 2, antenna port p, of UE 3, antenna port
p, of UE 4, antenna port p, of UE 5, antenna port p; of UE 6, antenna port p; of UE 7, and
antenna port p,; of UE 8; and antenna port p; of UE 1 suffers interference, on comb 2, from
antenna port p, of UE 2, antenna port p; of UE 3, antenna port p, of UE 4, antenna port p,
of UE 5, antenna port p, of UE 6, antenna port p, of UE 7, and antenna port p, of UE 8.
Details are not listed one by one. For details, refer to Table 9 and FIG. 9.
[00489] At sending moment 2, antenna port p, to antenna port p; of UE 1 respectively
occupy comb 2, comb 3, comb 4, and comb 1; and antenna port p, to antenna port p; of UE 2
respectively occupy comb 3, comb 4, comb 1, and comb 2. Details are not listed one by one. For
details, refer to Table 9 and FIG. 9.
[00490] UE 1 is used as an example. At sending moment 2, antenna port p, of UE 1 suffers
interference, on comb 1, from antenna port p; of UE 2, antenna port p, of UE 3, antenna port
p; of UE 4, antenna port p; of UE 5, antenna port p, of UE 6, antenna port p, of UE 7, and
antenna port p, of UE 8. Details are not listed one by one. For details, refer to Table 9 and FIG.
9.
[00491] It can be learned that, the comb occupied by each antenna port of each UE changes at
different sending moments, and an antenna port that causes interference to a same antenna port

changes randomly. For example, antenna ports that cause interference to antenna port p, of UE
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1 at sending moment 1 and sending moment 2 are different. At a same sending moment, antenna
ports that cause interference to different antenna ports of the UE are different. For example, at
sending moment 1, antenna ports that cause interference to antenna port p, of UE 1 and cause
interference to antenna port p; of UE 1 are different, so that the interference randomization effect
can be further enhanced.

[00492] In addition, due to introduction of the cyclic shift value, levels of interference caused
by antenna port p, of UE x to antenna port p, of UEy may still vary greatly at different sending

moments. In this way, an excellent interference randomization effect can be ensured.

Table 9

Sending moment 1
Celll |UE1 pgy: 7y, UE1 p;: r;,comb | UEL p,: 1, comb | UE1 ps: 1y, comb 4
comb 1 2 3

UE 2 py: 14, UE 2 p;: r;,comb | UE2 p,: ry,comb | UE 2 ps: 7y, comb 1
comb 2 3 4

UE 3 py: my, UE 3 p;: 1y, comb | UE3 p,: ry,comb | UE 3 ps: 1y, comb 2
comb 3 4 1

UE 4 py: 1y, UE4 p;: r;,comb | UE4 p,: r,comb | UE4 ps: ry, comb 3

comb 4 1 2
Cell2 | UES pgy: 1y, UES5 p;: r,,comb | UES p,: rp,,comb | UES ps: 1y, comb 4
comb 1 2 3

UE 6 py: 13, UE6 p;: r,,comb | UE6 p,: r,,comb | UE6 ps: 1, comb 1l
comb 2 3 4

UE7 po: 13, UE7 p;: rp,comb | UE7 py: 1y, comb | UE7 p3: 1y, comb 2
comb 3 4 1

UE 8 py: 13, UE 8 p;: rp,,comb | UE8 p,: r,,comb | UES8 pj3: 1, comb 3
comb 4 1 2

Sending moment 2
Celll | UE1 pgy: 7y, UE1 p;: r;,comb | UEL p,: r;,comb | UE1 psg: rq,comb 1
comb 2 3 4

UE 2 py: 1y, UE 2 p;: r,comb | UE2 p,: ry,comb | UE 2 ps: 1y, comb 2
comb 3 4 1

UE 3 py: 14, UE 3 p;: r,comb | UE3 p,: r,comb | UE 3 ps3: 7, comb 3
comb 4 1 2
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UE 4 py: 1y, UE4 p;: r;,comb | UE4 p,: r,comb | UE4 ps: 1, comb 4

comb 1 2 3
Cell2 | UES pgy: 1y, UE5 p;: rp,comb | UES p,: 1y, comb | UES ps3: 1y, comb 2
comb 3 4 1

UE 6 py: 13, UE6 p;: r,,comb | UE6 p,: r,,comb | UE6 p3: 1, comb 3
comb 4 1 2

UE7 py: 13, UE7 p;: rp,comb [ UE7 p,: 1y, comb | UE7 ps: 1y, comb 4
comb 1 2 3

UE 8 py: 13, UE 8 p;: rp,,comb | UE8 p,: r,,comb | UES8 pj3: 1y, comb 1
comb 2 3 4

Sending moment n
Celll |UE1 py: 7y, UE1 p;: ry,comb | UE1L p,: ry,comb | UE1 ps: g, combl
comb 2 3 4

UE 2 py: 1y, UE 2 p;: r,comb | UE2 p,: ry,comb | UE 2 ps: 1y, comb 2
comb 3 4 1

UE 3 py: 1, UE 3 p;: r;,comb | UE 3 p,: r,comb | UE 3 ps: 7, comb 3
comb 4 1 2

UE 4 py: 1y, UE 4 p,: r;,comb | UE4 p,: r,comb | UE4 ps: 1, comb 4

comb 1 2 3
Cell2 | UES pgy: 1y, UE5 p;: rp,comb | UES p,: 1y, comb | UES ps3: 1y, comb 2
comb 3 4 1

UE 6 py: 13, UE6 p;: rp,comb | UEG6 p,: rp,,comb | UEG p3: 1y, comb 3
comb 4 1 2

UE7 py: 13, UE7 p;: rp,comb [ UE7 p,: rp,,comb | UE7 ps: 1y, comb 4

comb 1 2 3
UE 8 py: 13, UE 8 p,: rp,,comb | UE8 p,: r,,comb | UE8 ps3: 1, comb 1
comb 2 3 4

[00493] According to the communication method shown in FIG. 5, the comb occupied by the
first antenna port of the terminal device is determined based on the first offset, so that a frequency
domain resource (the comb) occupied by the antenna port of the terminal device may randomly
change at different sending moments. In this way, an antenna port of a terminal device that causes
interference to the antenna port of the terminal device randomly changes. Therefore, the frequency-
domain interference randomization is implemented, and the better interference randomization

81



10

15

20

25

30

effect can be achieved.

[00494]  Alternatively, the cyclic shift value is introduced. The comb occupied by the first
antenna port is obtained based on the first offset, and the value of the first offset is related to the
cyclic shift value. In this case, the comb occupied by the first antenna port is affected by the cyclic
shift value and the first offset. In this way, the comb occupied by and the cyclic shift value used
by each antenna port change randomly at different sending moments, and an antenna port that
causes interference to the antenna port of the terminal device also changes randomly at different
sending moments. At a same sending moment, antenna ports that cause interference to different
antenna ports of the terminal device are different. In this way, two-dimensional interference
randomization in code domain and in frequency domain can be implemented, the interference
randomization effect can be further enhanced, and an interference randomization convergence
speed can be accelerated.

[00495]  In some embodiments, a partial sounding offset nRe-> satisfies the foregoing formula

(4): nftser = NEB Msrs pegs ((kF + knop)mod PF)/PF-

[00496] If higher-layer parameters (for example, kg and Pg) do not change, a relative position
of a partial detection bandwidth in a frequency hopping bandwidth is determined only by using a
start resource block hopping offset ky,,. However, ky, is determined based on an index of a
frequency hopping periodicity corresponding to the reference signal and a protocol-predefined
table (for example, Table 3). Therefore, a partial detection bandwidth occupied by each antenna
port has a strong regularity. This is not conductive to interference randomization.

[00497]  With reference to Table 10 and FIG. 10, in a scenario 2, cell 1 includes UE 1 and UE
2, and each UE includes two antenna ports (for example, antenna port p, and antenna port p,
respectively). Each antenna port of UE 1 and UE 2 generates a reference signal by using a base
sequence r; and a cyclic shift value that corresponds to the antenna port, and at least combs
occupied by or cyclic shift values used by the antenna ports of UE 1 and UE 2 are different. Cell
2 includes UE 3 and UE 4, and each UE includes two antenna ports (for example, antenna port p,
and antenna port p, respectively). Each antenna port of UE 3 and UE 4 generates a reference
signal by using a base sequence r, and a cyclic shift value that corresponds to the antenna port,
and at least combs occupied by or cyclic shift values used by the antenna ports of UE 3 and UE 4
are different. In FIG. 10, each box represents one RB, a sounding bandwidth is 16 RBs, a frequency
hopping bandwidth is 4 RBs, and a frequency hopping periodicity is 4. It should be noted that the
antenna ports are not shown in Table 10 and FIG. 10.

[00498] Partial sounding start position indexes kg and frequency scaling factors Pr that

correspond to antenna ports of terminal devices are the same. Specifically, as shown in Table 10,

82



10

15

20

25

30

two UEs may send reference signals on a same time-frequency resource.

Table 10
Cell 1 UE 1: 1, k|: =0, P|: =2 UE 2: 1, k|: =1, P|: =2
Cell 2 UE 3: T2, kFZO, P|: =2 UE 4: T, kF: 1, PF:2

[00499] It is assumed that antenna ports of UEs in a same cell are orthogonal to each other. If
higher-layer parameters (for example, kg and P¢) do not change, an antenna port of one UE
suffers fixed interference at any sending moment. For example, the antenna port of UE 1 receives
interference from the antenna port of UE 3.

[00500] For example, FIG. 11 is a schematic flowchart of another communication method
according to an embodiment of this application. The method shown in FIG. 11 may be used in
combination with the method shown in FIG. 5, to achieve a better interference randomization
effect. The method shown in FIG. 11 and the method shown in FIG. 5 may alternatively be
separately used.

[00501] Asshown in FIG. 11, the communication method includes the following steps.
[00502] S1101: A network device sends configuration information. Correspondingly, a terminal
device receives the configuration information.

[00503] For aspecific implementation of S1101, refer to S501. Details are not described herein
again.

[00504] S1102: The terminal device sends a reference signal via M antenna ports based on the
configuration information. Correspondingly, the reference signal is received via the M antenna
ports based on the configuration information.

[00505] For example, M is an integer greater than 0.

[00506] Optionally, the terminal device may include the M antenna ports.

[00507] Ina possible design method, a start position of a frequency domain resource occupied
by each of the M antenna ports is determined based on at least a fourth offset.

[00508] For example, with reference to the foregoing scenario 2, a start position of a frequency
domain resource occupied by each of antenna port p, and antenna port p; of UE 1 may be
determined based on at least the fourth offset.

[00509] Optionally, the fourth offset may be an integer greater than or equal to 0.

[00510] In some embodiments, the fourth offset may be determined based on at least a cell
identifier and an index of a frequency hopping periodicity corresponding to the reference signal.
[00511] For example, with reference to FIG. 10, the index of the frequency hopping periodicity
corresponding to the reference signal may be: frequency hopping periodicity 1 or the like.
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[00512] Insome embodiments, the fourth offset may be a fourth random number.

[00513] In other words, the fourth offset may be a random number. For example, the fourth
offset is a random number greater than 0.

[00514] Optionally, the fourth offset or the fourth random number may satisfy a formula (24)

or a formula (25).
Krana = (Zm=0 (8 | nses/TIES, Ny | +m) - 2™) mod P (24)

Krand = Zn=0€(8 |nses/Tps5, Ny | +m) - 2™ (25)
[00515] Inthe formula (24) or the formula (25), k.anq represents the fourth offset or the fourth
random number (k.,,q May represent the fourth offset; and when the fourth offset is the fourth

represents summation; c() is a pseudo-random sequence, where the pseudo-random sequence is

Bsrs

related to the cell identifier; \&‘ represents the index of the frequency hopping
br=byqp b

represents a product of a sequence; and a mathematical symbol mod represents a modulo operation.
[00516] Optionally, Npp, = 1.
[00517] It should be noted that for meanings of the parameters in the foregoing formula (25)

and Np, = 1, refer to the foregoing descriptions of the formula (5) and Table 3. Details are not

described herein again.

[00518] It should be noted that m in the formula (24) or the formula (25) is irrelevant to a
sequence length M. In the formula (24) or the formula (25), an example in which m is an integer
ranging from O to 7 is used for description, and a value range of m in the formula (24) or the
formula (25) is not limited in this application.

[00519] In some embodiments, that a start position of a frequency domain resource occupied
by each of the M antenna ports is determined based on at least a fourth offset may include: The
start position of the frequency domain resource occupied by each of the M antenna ports may be

determined based on a partial sounding offset ns.

[00520] Optionally, the partial sounding offset nXe> may be determined based on a quantity

of subcarriers included in each resource block, a frequency hopping bandwidth, an index of a
partial sounding start position, a start resource block hopping offset, a frequency scaling factor,
and the fourth offset.

[00521] For example, the partial sounding offset nfrs may satisfy the following formula (26):
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Notsor = NEE MRS Begs ((kp + knop + Krana) mod PF)/PF (26)
[00522] Inthe formula (26), k..nq represents the fourth offset.
[00523] Meanings of other parameters in the formula (26) are similar to those in the formula
(4). NRB is a quantity of subcarriers included in each resource block; MgRs pers TEPrEseNts the
frequency hopping bandwidth, and mggs g, IS @ frequency hopping bandwidth determined
based on higher-layer parameters Bsgs and Cgrs, and a protocol-predefined table (for example,
Table 3); kg is the index of the partial sounding start position, and kg € {0,1, ..., P — 1}; kpgp
represents the start resource block hopping offset; and P represents the frequency scaling factor.

[00524] In some embodiments, a frequency-domain start position k(()pi) of antenna port p;

may satisfy the following formula (27):

k((in) = E(()pi) + ng#set + nsgge? 27)
[00525] In the foregoing formula (27), k9 satisfies kPP = ng,xNEB + (k%) +
ké;fset) mod Krc. NRB is a quantity of subcarriers included in each resource block. For example,

NRB is12. k%') represents an index of the comb occupied by antenna port p;.

[00526] Inthe foregoing formula (27), n"... represents a frequency hopping offset. Optionally,
the frequency hopping offset ni,, may satisfy nff. = Yo% meps , NRBn,,, where NEB is the
quantity of the subcarriers included in each resource block.

[00527] In the foregoing formula (27), nRis may represent a partial sounding offset, and the
partial sounding offset ne> may be determined based on the quantity of the subcarriers included
in each resource block, a frequency hopping bandwidth, an index of a partial sounding start
position, a start resource block hopping offset, a frequency scaling factor, and the fourth offset, for
example, the foregoing formula (26).

[00528] With reference to FIG. 12, the foregoing scenario 2 is used as an example. A start
position of a frequency domain resource occupied by each antenna port (antenna port p, and
antenna port p;) of UE 1 to UE 4 is determined based on at least the fourth offset. The start
position of the frequency domain resource occupied by each UE may be shown in FIG. 12.
[00529] In frequency hopping periodicity 1, the antenna port of UE 1 and the antenna port of
UE 3 occupy a start position of a same frequency domain resource, and the antenna port of UE 2
and the antenna port of UE 4 occupy a start position of a same frequency domain resource. In
frequency hopping periodicity 2, the antenna port of UE 1 and the antenna port of UE 4 occupy a
start position of a same frequency domain resource, and the antenna port of UE 2 and the antenna

port of UE 3 occupy a start position of a same frequency domain resource. Similarly, in frequency

85



10

15

20

25

30

35

hopping periodicity n, the antenna port of UE 1 and the antenna port of UE 3 occupy a start position
of a same frequency domain resource, and the antenna port of UE 2 and the antenna port of UE 4
occupy a start position of a same frequency domain resource.

[00530] UE 1 is used as an example. In frequency hopping periodicity 1, the antenna port of
UE 3 causes interference to the antenna port of UE 1. In frequency hopping periodicity 2, the
antenna port of UE 4 causes interference to the antenna port of UE 1. It can be learned that different
antenna ports cause interference to the antenna port of UE 1 in different frequency hopping
periodicities. This brings a good interference randomization effect, can accelerate an interference
randomization convergence speed, and can improve channel estimation performance.

[00531] According to the communication method shown in FIG. 11, when the start position of
the frequency domain resource occupied by the antenna port is determined, the fourth offset is
introduced, so that the start position of the frequency domain resource occupied by each antenna
port may randomly change in different frequency hopping periodicities, and an antenna port that
causes interference to an antenna port of a terminal device also randomly changes, to implement
frequency-domain interference randomization. This brings the good interference randomization
effect, can accelerate the interference randomization convergence speed, and can improve the
channel estimation performance.

[00532] For example, FIG. 13 is a schematic flowchart of a communication method according
to an embodiment of this application. The method shown in FIG. 13 and the method shown in FIG.
5 may be parallel solutions, or may be used in combination.

[00533] Asshown in FIG. 13, the communication method includes the following steps.
[00534] S1301: A network device sends configuration information of a reference signal.
Correspondingly, a terminal device receives the configuration information of the reference signal.
[00535] For specific implementations of S1301 and the configuration information, refer to the
corresponding descriptions in S501. Details are not described herein again.

[00536] S1302: The terminal device sends the reference signal via M antenna ports based on
the configuration information. Correspondingly, the network device receives the reference signal
via the M antenna ports based on the configuration information.

[00537] For example, M is an integer greater than 0, and the M antenna ports include at least
one first antenna port. For specific implementations of M, the M antenna ports, and the first
antenna port, refer to the corresponding descriptions in S502. Details are not described herein
again.

[00538] In some embodiments, a comb occupied by the first antenna port is determined based
on at least a first offset.

[00539] For example, with reference to the foregoing scenario 1, a comb occupied by one or
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more of antenna port p, toantenna port p; of UE 1 may be determined based on at least the first
offset.

[00540] Optionally, the first offset may be an integer greater than or equal to 0.

[00541] Optionally, that a comb occupied by the first antenna port is determined based on at
least a first offset may include: The comb occupied by the first antenna port may be determined
based on an initial value of the comb occupied by the first antenna port and the first offset.
[00542] Optionally, the initial value of the comb occupied by the first antenna port may be
determined based on a comb offset; or the initial value of the comb occupied by the first antenna
port may be determined based on a comb quantity and a comb offset.

[00543] Optionally, the comb quantity may be a quantity of combs included in a transmit
bandwidth of the reference signal.

[00544] Optionally, the comb offset may be a reference quantity of combs occupied by the
reference signal.

[00545] For example, the initial value of the comb occupied by the first antenna port may satisfy
the foregoing formula (2).

[00546] For example, the comb occupied by the first antenna port may be determined based on
the comb offset and the first offset; or the comb occupied by the first antenna port may be
determined based on the comb quantity, the comb offset, and the first offset.

[00547] For example, the first offset may be determined based on at least a time domain
resource occupied by the first antenna port and/or a frequency domain resource occupied by the
first antenna port.

[00548] Optionally, the time domain resource occupied by the first antenna port may include
one or more OFDM symbols. The one or more OFDM symbols included in the time domain
resource occupied by the first antenna port may be determined based on one or more of the
following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

[00549] A gquantity of OFDM symbols included in the time domain resource occupied by the
first antenna port is not limited in this application.

[00550] In a possible design manner, an index of a frequency hopping periodicity in which the
time domain resource is located is determined based on the time domain resource occupied by the
first antenna port; or a relative index of the time domain resource in one corresponding frequency
hopping periodicity is determined based on the time domain resource occupied by the first antenna
port, where the relative index may be defined as follows: A relative index of a k™" time of sending

in one frequency hopping periodicity is k-1.
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[00551] Optionally, time domain resources occupied by the M antenna ports may be the same
or different.

[00552] Optionally, the frequency domain resource occupied by the first antenna port may
include one or more sub-bandwidths. The one or more sub-bandwidths included in the frequency
domain resource occupied by the first antenna port may be determined based on one or more of
the following parameters: an index of a frequency hopping bandwidth corresponding to the first
antenna port, and an index of a transmit bandwidth corresponding to the first antenna port.
[00553] In a possible design manner, an index of a frequency hopping bandwidth in which the
frequency domain resource is located is determined based on the frequency domain resource
occupied by the first antenna port, or an index of one subband corresponding to the frequency
domain resource is determined based on the frequency domain resource occupied by the first
antenna port, where the index of the subband may be defined as follows: A sounding bandwidth
of the first antenna port corresponds to a*b RBs, and may be divided into a subbands whose
granularities are b, where the subbands are numbered in ascending order of frequencies, including
{0, ..., a-1}.

[00554]  Optionally, frequency domain resources occupied by the M antenna ports may be the
same or different.

[00555]  In some embodiments, the first offset may include a first random number and/or a fifth
random number.

[00556] Optionally, the first random number may be determined based on at least the time
domain resource occupied by the first antenna port. For example, the first random number may be
denoted by Q.

[00557] For example, the first random number may be a random number greater than 0.
[00558] Optionally, the fifth random number may be determined based on at least the frequency
domain resource occupied by the first antenna port. For example, the fifth random number may be
denoted by Q5.

[00559] For example, the fifth random number may be a random number greater than 0.
[00560] In this way, the comb occupied by the first antenna port may be determined based on
the first random number and/or the fifth random number.

[00561] For example, the comb occupied by the first antenna port may be determined based on
the comb quantity, the comb offset, and the first random number; the comb occupied by the first
antenna port may be determined based on the comb quantity, the comb offset, and the fifth random
number; or the comb occupied by the first antenna port may be determined based on the comb
guantity, the comb offset, the first random number, and the fifth random number.

[00562] Insome embodiments, that the first random number is determined based on at least the
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time domain resource occupied by the first antenna port may include: The first random number is
determined based on the time domain resource occupied by the first antenna port and a pseudo-
random sequence.

[00563] Optionally, the pseudo-random sequence may be c(). For a specific implementation of
the pseudo-random sequence, refer to the corresponding descriptions in S502. Details are not
described herein again.

[00564] Optionally, the first random number is determined based on the time domain resource
occupied by the first antenna port and the pseudo-random sequence, and the first random number
may be further determined based on one or more of the following parameters: a quantity of slots
included in each system frame, and a quantity of OFDM symbols included in each slot. In addition,
a value range of the first random number may alternatively be determined based on the comb
quantity and the comb offset.

[00565] For example, in this application, the quantity of the slots included in each system frame
may be a quantity of slots included in one system frame.

[00566] For example, in this application, the quantity of the OFDM symbols included in each
slot may be a quantity of OFDM symbols included in one slot.

[00567] Optionally, the first random number may satisfy the formula (6), the formula (7), the
formula (8), or the formula (9) in S502. Details are not described herein again.

[00568] In the formula (6), the formula (7), the formula (8), or the formula (9), Q, represents

the first random number, a mathematical symbol represents )::.: summation, a mathematical

symbol mod represents a modulo operation, c¢() is the pseudo-random sequence, n, represents
the system frame number corresponding to the first antenna port (or n, represents a system frame

number of the time domain resource occupied by the first antenna port), Nf3m¢ represents the

slot

quantity of the slots in each system frame, N, Slotb represents the quantity of the OFDM symbols

sym
in each slot, ngf represents the slot number corresponding to the first antenna port (or ngf
represents a slot number of the time domain resource occupied by the first antenna port), [,
represents an index of a start OFDM symbol in the one or more OFDM symbols included in the
time domain resource occupied by the first antenna port (or [, represents the index of the start
OFDM symbol), ' represents a relative index of one OFDM symbol in the one or more OFDM
symbols included in the time domain resource occupied by the first antenna port (or I’ represents
a relative index of an OFDM symbol of the time domain resource occupied by the first antenna
port), and K¢ represents the comb quantity.

[00569] In this application, the comb occupied by the first antenna port of the terminal device
is determined based on the first random number, so that a frequency domain resource (the comb)
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occupied by the terminal device may randomly change at different sending moments. In this way,
a terminal device that causes interference to the terminal device randomly changes. Therefore,
frequency-domain interference randomization is implemented, and a better interference
randomization effect can be achieved.

[00570] In some other embodiments, that the first random number is determined based on at
least the time domain resource occupied by the first antenna port may include: The first random
number is determined based on one of a plurality of first correspondences and the time domain
resource occupied by the first antenna port. Optionally, the first random number may be replaced
with a first variable.

[00571] Optionally, one of the plurality of first correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of first correspondences,
and/or one of the plurality of first correspondences.

[00572] For example, the network device may select one first correspondence from the plurality
of first correspondences, and indicate the selected first correspondence to the terminal device.
[00573] Optionally, one first correspondence may include a correspondence between at least
one first random number and at least one time domain resource.

[00574] Forexample, the at least one first random number corresponds one-to-one to the at least
one time domain resource. For example, the time domain resource may be an OFDM symbol, a
system frame number, or a slot number.

[00575] For example, the terminal device may obtain, from the correspondence between at least
one first random number and at least one time domain resource based on the time domain resource
occupied by the first antenna port, the first random number corresponding to the time domain
resource occupied by the first antenna port.

[00576] For example, first correspondence 1 includes: First random number 1 corresponds to
time domain resource 1, and first random number 2 corresponds to time domain resource 2. If the
first antenna port of the terminal device occupies time domain resource 1, the terminal device
obtains, based on first correspondence 1 and time domain resource 1 occupied by the first antenna
port of terminal device 1, that the first random number is first random number 1.

[00577] For example, it is assumed that each first correspondence (which may be referred to as
a pattern (pattern)) includes correspondences between n time domain resources and n first random
numbers. If first random numbers sequentially corresponding to n time domain resources {y;,
Vo, Y} are {x;, x,, ..x,} for a k™ first correspondence, first random numbers sequentially

corresponding to n time domain resources are {X(1+qymodan: X(2+aymodn: -X(M+aymoant fOr @
(k+1)" first correspondence. A value of {x;, x5, ...x,,} belongs to {0, 1, ..., Krc—1}, and Kic is

90



10

15

20

25

30

35

a comb number. Optionally, a=1.

[00578] In this way, on different time domain resources, the first random number obtained by
the terminal device randomly changes, and then the comb occupied by the first antenna port of the
terminal device is determined based on the first random number, so that the comb occupied by the
terminal device randomly changes at different sending moments.

[00579] Optionally, one frequency hopping periodicity may include at least one time of
reference signal sending, and the correspondence between at least one first random number and at
least one time domain resource includes: a correspondence between the at least one first random
number and a relative number of the at least one time of reference signal sending in the frequency
hopping periodicity.

[00580] For example, the at least one first random number corresponds one-to-one to a number
of the at least one time of reference signal sending.

[00581] For example, the terminal device may obtain, based on a number of a current time of
reference signal sending via the first antenna port, the first random number from the
correspondence between the at least one first random number and a relative number of the at least
one time of reference signal sending in the frequency hopping periodicity.

[00582] Alternatively, optionally, the correspondence between at least one first random number
and at least one time domain resource may include: a correspondence between the at least one first
random number and an index of at least one frequency hopping periodicity.

[00583] For example, the at least one first random number corresponds one-to-one to the index
of the at least one frequency hopping periodicity.

[00584] For example, the terminal device may obtain the first random number from the
correspondence between the at least one first random number and an index of at least one
frequency hopping periodicity based on the index of the frequency hopping periodicity in which
the time domain resource occupied by the first antenna port is located.

[00585] Optionally, the network device may indicate different first correspondences to terminal
devices in different cells.

[00586] In this way, the network device indicates different first correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the frequency-domain interference randomization, and achieve
the better interference randomization effect.

[00587] Insome embodiments, when the first offset is the first random number (the first random

number is determined based on the time domain resource occupied by the first antenna port), an
index k%') that is of a comb occupied by antenna port p; and that is determined based on the

first offset may satisfy the following formula: k%') = (ktc + Krc/2 + Q1) mod Krc, or k%') =
01
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(ktc + Q1) mod Krc, where krc represents the comb offset, krc € {0,1, ..., Krc — 1}, Krc

represents the comb quantity, and Q, represents the first random number or the first offset.

[00588] For example, the index k%') that is of the comb occupied by antenna port p; of the
terminal device and that is determined based on the first random number may satisfy the formula
(10) in S502, where Q, represents the first random number or the first offset. For a specific
implementation, refer to the descriptions of the formula (10) in S502. Details are not described
herein again.
[00589] For example, after the comb occupied by the first antenna port is determined based on
the first offset (the first offset is determined based on the time domain resource occupied by the
first antenna port, and the first offset is the first random number), for a comb occupied by an
antenna port of each terminal device, refer to the descriptions of Table 6 and FIG. 6 in S502. Details
are not described herein again.
[00590] Insome embodiments, that the fifth random number is determined based on at least the
frequency domain resource occupied by the first antenna port may include: The fifth random
number is determined based on the frequency domain resource occupied by the first antenna port
and a pseudo-random sequence.
[00591] Optionally, the pseudo-random sequence may be c().
[00592] Optionally, the fifth random number may satisfy a formula (28) or a formula (29).
Qs = (Xh=oc(8k + m) - 2™)mod Krc (28)
Q3 = Y=o c(8k +m)- 2™ (29)
[00593] In the formula (28) or the formula (29), Q5 represents the fifth random number, the
mathematical symbol Y i} represents summation, the mathematical symbol mod represents a
modulo operation, c() is the pseudo-random sequence, k represents an index of a frequency
hopping bandwidth and/or an index of a transmit bandwidth that correspond/corresponds to the
frequency domain resource occupied by the first antenna port, and K. represents the comb
quantity.
[00594] It should be noted that m in the formula (28) or the formula (29) is irrelevant to a
sequence length M. In the formula (28) or the formula (29), an example in which m is an integer
ranging from O to 7 is used for description, and a value range of m in the formula (28) or the
formula (29) is not limited in this application.
[00595] In some other embodiments, that the fifth random number is determined based on at
least the frequency domain resource occupied by the first antenna port may include: The fifth
random number is determined based on one of a plurality of second correspondences and the
frequency domain resource occupied by the first antenna port.
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[00596] Optionally, one of the plurality of second correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of second
correspondences, and/or one of the plurality of second correspondences.

[00597] For example, the network device may select one second correspondence from the
plurality of second correspondences, and indicate the selected second correspondence to the
terminal device.

[00598] Optionally, one second correspondence may include a correspondence between at least
one fifth random number and at least one frequency domain resource.

[00599] For example, the at least one fifth random number corresponds one-to-one to the at
least one frequency domain resource.

[00600] For example, the terminal device may obtain, from the correspondence between at least
one fifth random number and at least one frequency domain resource based on the frequency
domain resource occupied by the first antenna port, the fifth random number corresponding to the
frequency domain resource occupied by the first antenna port.

[00601] For example, a specific implementation of the second correspondence is similar to that
of the first correspondence. For details, refer to the descriptions of the first correspondence. Details
are not described herein again.

[00602] Inthis way, on different frequency domain resources, the fifth random number obtained
by the terminal device randomly changes, and then the comb occupied by the first antenna port of
the terminal device is determined based on the fifth random number, so that the frequency domain
resource (comb) occupied by the terminal device randomly changes at different sending moments.
[00603] Optionally, the network device may indicate different second correspondences to
terminal devices in different cells.

[00604] In this way, the network device indicates different second correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the interference randomization, and achieve the better
interference randomization effect.

[00605] In some embodiments, when the first offset is the fifth random number (the first offset

is determined based on the frequency domain resource occupied by the first antenna port), an index
k%') that is of a comb occupied by antenna port p; and that is determined based on the fifth
offset may satisfy the following formula: k%') = (ktc + K1c/2 + Q3) mod Krc, or k%') =
(ktc + Q3) mod Krc, where krc represents the comb offset, k¢ € {0,1, ..., Krc — 1}, Krc

represents the comb quantity, and Q5 represents the fifth random number or the first offset.
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[00606] For example, the index k%') that is of the comb occupied by antenna port p; of the
terminal device and that is determined based on the fifth random number may satisfy the following
formula (30):
2 -
(ktc + Krc/2 4+ Qs) mod Kt N3RS = 4,p; € {1001,1003},ngge " =6

(ktc + Kc/2 + Q3) mod Krc - N3RS = 4,p; € {1001,1003},nks € {ndpe /2, ..., ngpe " — 1} (30)
(ke + Q3) mod Ky otherwise (otherwise)

[00607]  Similar to the foregoing formula (10), in the formula (30), ktc represents the comb
offset, ktc € {0,1, ..., K7c — 1}, Krc represents the comb quantity, and Qs represents the fifth
random number or the first offset.

[00608]  With reference to Table 11, the following describes a comb occupied by an antenna port
of each terminal device after the comb occupied by the first antenna port is determined based on
at least the fifth random number.

[00609] The foregoing scenario 1 is used as an example. The comb occupied by each antenna
port (antenna port p, to antenna port p;) of UE 1 to UE 8 is determined based on at least the
fifth random number. The comb occupied by the antenna port of each UE may be shown in Table
11.

[00610] On frequency domain resource 1, antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy
comb 1 and comb 3, and antenna ports of UE 3, UE 4, UE 7, and UE 8 occupy same comb 2 and
same comb 4. UE 1 is used as an example. The antenna ports of UE 1 suffer interference, on comb
1 and comb 3, from antenna ports of UE 5 and UE 6.

[00611] It should be noted that, in Table 11, an example in which antenna port p, and antenna
port p, of each UE occupy one comb, and antenna port p, and antenna port p; occupy one
comb is used. For example, the comb occupied by antenna port p, and antenna port p, isacomb
with a smaller comb index in two combs occupied by the UE, and the comb occupied by antenna
port p; and antenna port p; is a comb with a larger comb index in the two combs occupied by
the UE. For ease of understanding, Table 11 shows the UEs, corresponding base sequences, and
corresponding combs, but do not show the antenna ports.

[00612] On frequency domain resource 2, antenna ports of UE 1, UE 2, UE 7, and UE 8 occupy
comb 1 and comb 3, and antenna ports of UE 3, UE 4, UE 5, and UE 6 occupy comb 2 and comb
4. The antenna ports of UE 1 suffer interference, on comb 1 and comb 3, from antenna ports of UE
7 and UE 8.

[00613] On frequency domain resource n, the antenna ports of UE 1, UE 2, UE 7, and UE 8
occupy comb 2 and comb 4, and the antenna ports of UE 3, UE 4, UE 5, and UE 6 occupy the

comb 7 and the comb 8. The antenna ports of UE 1 suffer interference, on comb 2 and comb 4,
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from the antenna ports of UE 7 and UE 8.
[00614]
domain unit 1, subband 1, frequency hopping bandwidth 1, frequency hopping bandwidth 1, or the

Optionally, in Table 11, frequency domain resource 1 may be replaced with frequency

like. Frequency domain resource 2 to frequency domain resource n are similar to frequency domain

resource 1, and details are not described one by one.

Table 11

Frequency domain resource 1

combs 1and 3

land 3

2and 4

Cell1 UE 1. r;, combs | UE 2: r;,combs | UE 3: r;,combs | UE 4: ry,
land 3 land 3 2and 4 combs 2 and 4
Cell 2 UE 5: ny, UE 6: r,, combs | UE7: r,, combs | UE8: r,,

combs 2 and 4

Frequency domain resource 2

combs 2 and 4

2and 4

land 3

Cell1 UE 1. r;, combs | UE 2: r;,combs | UE 3: r;,combs | UE 4: ry,
land3 land3 2and 4 combs 2 and 4
Cell 2 UE5: ny, UE 6: r,,combs | UE7: r,,combs | UE8: r,,

combs 1 and 3

Frequency domain resource n

Cell1 UE 1. r;, combs | UE 2: r;,combs | UE 3: r;,combs | UE 4: ry,
2and 4 2and 4 land 3 combs 1 and 3
Cell 2 UE 5: ny, UE 6: r,, combs | UE7: r,, combs | UE8: r,,
combs 2 and 4 2and 4 land 3 combs 1 and 3
[00615] Inthis way, combs occupied by the antenna ports of UE 1 randomly change on different

frequency domain resources, so that a UE that causes interference to UE 1 randomly changes. UEs
that cause interference to UE 1 on some frequency domain resources are UE 5 and UE 6. UEs that
cause interference to UE 1 on some frequency domain resources are UE 7 and UE 8. An antenna
port that causes interference to the antenna port of UE 1 randomly changes, to achieve the better
interference randomization effect.

[00616]
fifth random number (the first random number is determined based on the time domain resource

In some embodiments, when the first offset includes the first random number and the

occupied by the first antenna port, and the fifth random number is determined based on the

(r)

frequency domain resource occupied by the first antenna port), an index k5" that is of the comb
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occupied by antenna port p; and that is determined based on the comb quantity, the comb offset,

the first random number, and the fifth random number may satisfy the following formula: k%') =

(ETC + KTC/Z +Q + Q3) mod Ktc , or k-?él) = (ETC +Q + Q3) mod Ktc where ETC
represents the comb offset, ktc € {0,1,...,Krc — 1}, Krc represents the comb quantity, Q,

represents the first random number, and Q5 represents the fifth random number.

[00617] For example, the index k%) that is of the comb occupied by antenna port p; of the
terminal device and that is determined based on the comb quantity, the comb offset, the first
random number, and the fifth random number may satisfy the following formula (31):
-
(ktc + Krc/2 4 Q4 + Qs) mod Ky N3RS = 4,p; € {1001,1003},ngpe " = 6

(krc + Kvc/2 + Q1+ Qs) mod Krc  Ngis = 4,p; € {1001,1003},néks € {ngpg /2, ..., ngne " — 1}(31)
(ktc + Q1 + Q3) mod Krc otherwise (otherwise)

[00618]  Similar to the foregoing formula (10), in the formula (31), ktc represents the comb
offset, krc €{0,1,...,Krc — 1}, Kyc represents the comb quantity, Q, represents the first
random number, and Q5 represents the fifth random number.

[00619] The following describes a comb occupied by an antenna port of each terminal device
after the comb occupied by the first antenna port is determined based on the first random number
and the fifth random number.

[00620] The foregoing scenario 1 is used as an example. The comb occupied by each antenna
port (antenna port p, toantennaport p;) of UE 1 to UE 8 is determined based on the first random
number and the fifth random number. The comb occupied by the antenna port of each UE may be
a combination of Table 6 and Table 11, for example, as shown in Table 12.

[00621] On frequency domain resource 1 and at sending moment 1, antenna ports of UE 1, UE
2, UE 5, and UE 6 occupy comb 1 and comb 3, and antenna ports of UE 3, UE 4, UE 7, and UE 8
occupy same comb 2 and same comb 4. UE 1 is used as an example. The antenna ports of UE 1
suffer interference, on comb 1 and comb 3, from antenna ports of UE 5 and UE 6.

[00622] On frequency domain resource 2 and at sending moment 2, antenna ports of UE 1, UE
2, UE 7, and UE 8 occupy comb 1 and comb 3, and antenna ports of UE 3, UE 4, UE 5, and UE 6
occupy comb 2 and comb 4. The antenna ports of UE 1 suffer interference, on comb 1 and comb
3, from antenna ports of UE 7 and UE 8.

[00623] On frequency domain resource n and at sending moment n, the antenna ports of UE 1,
UE 2, UE 7, and UE 8 occupy comb 2 and comb 4, and the antenna ports of UE 3, UE 4, UE 5,
and UE 6 occupy comb 7 and comb 8. The antenna ports of UE 1 suffer interference, on comb 2

and comb 4, from the antenna ports of UE 7 and UE 8.
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Table 12

Sending moment 1 and frequency domain resource 1

Cell1 UE 1: r;,combs | UE 2: r,combs | UE3: r;,combs | UE 4: ry,
land3 land3 2and 4 combs 2 and 4
Cell 2 UES5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

land 3

land 3

2and 4

combs 2 and 4

Sending moment 2 and frequency domain resource 2

Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE4: ry,
land 3 land 3 2and 4 combs 2 and 4
Cell 2 UES5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

2and 4

2and 4

land 3

combs 1and 3

Sending moment n and frequency domain resource n

Cell1 UE 1: r;,combs | UE 2: r,combs | UE3: r;,combs | UE 4: ry,
2and 4 2and 4 land 3 combs 1 and 3
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,
2and 4 2and 4 land 3 combs 1 and 3
[00624] Inthis way, combs occupied by the antenna ports of UE 1 randomly change at different

sending moments and on different frequency domain resources, so that a UE that causes
interference to UE 1 randomly changes. UEs that cause interference to UE 1 on some frequency
domain resources and at some sending moments are UE 5 and UE 6. UEs that cause interference
to UE 1 on some frequency domain resources and at some sending moments are UE 7 and UE 8.
An antenna port that causes interference to the antenna port of UE 1 randomly changes, to achieve
the better interference randomization effect.

[00625]
determined based on one of a plurality of tenth correspondences and the time domain resource

In some other embodiments, the comb occupied by the first antenna port may be

occupied by the first antenna port.
[00626]
network device to the terminal device. For example, the configuration information of the reference

Optionally, one of the plurality of tenth correspondences may be indicated by the

signal may include indication information indicating one of the plurality of tenth correspondences,
and/or one of the plurality of tenth correspondences.

[00627]
of tenth correspondences, and indicate the selected tenth correspondence to the terminal device.

For example, the network device may select one first correspondence from the plurality
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[00628] Optionally, the network device may indicate different tenth correspondences to
terminal devices in different cells.

[00629] Optionally, one tenth correspondence may include a correspondence between at least
one comb value and at least one time domain resource.

[00630] For example, at least one comb corresponds one-to-one to at least one time domain
resource.

[00631] For example, it is assumed that each tenth correspondence (which may be referred to
as a pattern (pattern)) includes correspondences between n time domain resources and n comb
values. If first random numbers sequentially corresponding to n time domain resources {y;,
yy, .Y, } are {chy, cb,, ..ch,} for a k™ first correspondence, comb values sequentially

corresponding to n time domain resources are {cb1+qymoan: Cbz+aymodn: -+ Cbm+aymoan} fOr a

(k+1)™" first correspondence. A value of {cb;, cb,, ...ch,} belongs to {0, 1, ..., Krc—1}, and K¢
is a comb number. Optionally, a=1.

[00632] For example, the terminal device may obtain, from the correspondence between at least
one comb and at least one time domain resource based on the time domain resource occupied by
the first antenna port, the comb occupied by the first antenna port.

[00633] The plurality of tenth correspondences may be shown in Table 13. In Table 13, for
example, there are four tenth correspondences, each tenth correspondence includes four time
domain resources, and there are four combs. Tenth correspondence 1 to tenth correspondence 4
are different from each other. For details, refer to Table 13.

[00634] For example, in Table 13, sending moment 1 may be replaced with OFDM symbol 1,
system frame number 1, slot number 1, time domain resource 1, or time unit 1. Sending moment
2 to sending moment 4 are similar to sending moment 1, and details are not described one by one.
[00635] Optionally, in Table 13, the tenth correspondence further includes sending moment 1
to sending moment 8, and combs respectively corresponding to sending moment 5 to sending
moment 8 are the same as combs respectively corresponding to sending moment 1 to sending
moment 4.

[00636] For example, in tenth correspondence 1, sending moment 1 to sending moment 4
respectively correspond to comb 1 to comb 4, and sending moment 5 to sending moment 8

respectively correspond to comb 1 to comb 4.

Table 13

Tenth correspondence 1 (or pattern (pattern) 1)

Sending moment 1 Sending moment 2 | Sending moment 3 | Sending moment 4
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Comb 1

Comb 3

Comb 2

Comb 4

Tenth correspondence 2

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Comb 3

Comb 2

Comb 4

Comb 1

Tenth correspondence 3

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Comb 2

Comb 4

Comb 1

Comb 3

Tenth correspondence 4

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Comb 4

Comb 1

Comb 3

Comb 2

[00637]

correspondences and the time domain resource occupied by the first antenna port, the comb

In this way, the terminal device obtains, by using one of the plurality of tenth

occupied by the first antenna port, so that combs occupied at different sending moments change
randomly. The network device allocates different tenth correspondences (patterns) to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the frequency-domain interference randomization, and achieve
the better interference randomization effect.

[00638]

determined based on one of a plurality of eleventh correspondences and the frequency domain

In some other embodiments, the comb occupied by the first antenna port may be

resource occupied by the first antenna port.
[00639]

network device to the terminal device. For example, the configuration information of the reference

Optionally, one of the plurality of eleventh correspondences may be indicated by the

signal may include indication information indicating one of the plurality of eleventh
correspondences, and/or one of the plurality of eleventh correspondences.
[00640]

plurality of eleventh correspondences, and indicate the selected eleventh correspondence to the

For example, the network device may select one eleventh correspondence from the

terminal device.

[00641] Optionally, the network device may indicate different eleventh correspondences to
terminal devices in different cells.

[00642] Optionally, one eleventh correspondence may include a correspondence between at
least one comb and at least one frequency domain resource.

[00643] Forexample, the at least one comb corresponds one-to-one to the at least one frequency
domain resource.

[00644] For example, it is assumed that each tenth correspondence (which may be referred to
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as a pattern (pattern)) includes correspondences between n frequency domain resources and n
comb values. If first random numbers sequentially corresponding to n frequency domain resources
{vi, V2, ..y} are {cby, cb,, ...ch,} for a k™ first correspondence, comb values sequentially
corresponding to n frequency domain resources are {cb1+qymoan: Cbz+aymodn: - COm+aymoant
for a (k+1)" first correspondence. A value of {ch,, cb,, ...ch,} belongsto {0, 1, ..., K7c-1}, and
K+ is a comb number. Optionally, a=1.

[00645]

one comb and at least one frequency domain resource based on the frequency domain resource

For example, the terminal device may obtain, from the correspondence between at least

occupied by the first antenna port, the comb occupied by the first antenna port.
[00646]

example, there are four eleventh correspondences, each eleventh correspondence includes four

The plurality of eleventh correspondences may be shown in Table 14. In Table 14, for

time domain resources, and there are four combs. Eleventh correspondence 1 to eleventh
correspondence 4 are different from each other. For details, refer to Table 14.

[00647]
domain unit 1, subband 1, frequency hopping bandwidth 1, frequency hopping bandwidth 1, or the

Optionally, in Table 14, frequency domain resource 1 may be replaced with frequency

like. Frequency domain resource 2 to frequency domain resource 4 are similar to frequency domain
resource 1, and details are not described one by one.

[00648]
domain resource 1 to frequency domain resource 8, and combs respectively corresponding to

Optionally, in Table 14, the eleventh correspondence further includes frequency

frequency domain resource 5 to frequency domain resource 8 are the same as combs respectively

corresponding to frequency domain resource 1 to frequency domain resource 4.

Table 14

Eleventh correspondence 1 (or pattern (pattern) 1)

Frequency domain

Frequency domain

Frequency domain

Frequency domain

resource 1 resource 2 resource 3 resource 4
Comb 1 Comb 3 Comb 2 Comb 4
Eleventh correspondence 2

Frequency domain

Frequency domain

Frequency domain

Frequency domain

resource 1 resource 2 resource 3 resource 4
Comb 3 Comb 2 Comb 4 Comb 1
Eleventh correspondence 3

Frequency domain

resource 1

Frequency domain

resource 2

Frequency domain

resource 3

Frequency domain

resource 4
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Comb 2 Comb 4 Comb 1 Comb 3

Eleventh correspondence 4

Frequency domain Frequency domain | Frequency domain | Frequency domain
resource 1 resource 2 resource 3 resource 4
Comb 4 Comb 1 Comb 3 Comb 2

[00649] In this way, the terminal device obtains, by using one of the plurality of eleventh
correspondences and the frequency domain resource occupied by the first antenna port, the comb
occupied by the first antenna port, so that combs occupied on different frequency resources change
randomly. The network device allocates different eleventh correspondences (patterns) to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the interference randomization, and achieve the better
interference randomization effect.

[00650] In some other embodiments, the comb occupied by the first antenna port may be
determined based on one of a plurality of twelfth correspondences, and the time domain resource
and the frequency domain resource that are occupied by the first antenna port.

[00651] Optionally, one of the plurality of twelfth correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of twelfth
correspondences, and/or one of the plurality of twelfth correspondences.

[00652] For example, the network device may select one twelfth correspondence from the
plurality of twelfth correspondences, and indicate the selected twelfth correspondence to the
terminal device.

[00653] Optionally, the network device may indicate different twelfth correspondences to
terminal devices in different cells.

[00654] Optionally, one twelfth correspondence may include a correspondence between at least
one comb, at least one time domain resource, and at least one frequency domain resource.
[00655] For example, the at least one comb corresponds one-to-one to the at least one time
domain resource and the at least one frequency domain resource.

[00656] For example, the terminal device may obtain, from the correspondence between at least
one comb, at least one time domain resource, and at least one frequency domain resource based
on the time domain resource and the frequency domain resource that are occupied by the first
antenna port, the comb occupied by the first antenna port.

[00657] The plurality of twelfth correspondences may be a combination of Table 13 and Table

14, for example, as shown in Table 15.
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[00658]

correspondence includes four time domain resources and four frequency domain resources, and

In Table 15, for example, there are four twelfth correspondences, each twelfth

there are four combs. Twelfth correspondence 1 to twelfth correspondence 4 are different from

each other. For details, refer to Table 15.

Table 15

Twelfth correspondence 1 (or pattern (pattern) 1)

Frequency domain
resource 1 and sending

moment 1

Frequency domain
resource 2 and

sending moment 2

Frequency domain
resource 3 and

sending moment 3

Frequency domain
resource 4 and

sending moment 4

Comb 1

Comb 3

Comb 2

Comb 4

Twelfth correspondence 2

Frequency domain
resource 1 and sending

moment 1

Frequency domain
resource 2 and

sending moment 2

Frequency domain
resource 3 and

sending moment 3

Frequency domain
resource 4 and

sending moment 4

Comb 3

Comb 2

Comb 4

Comb 1

Twelfth correspondence 3

Frequency domain
resource 1 and sending

moment 1

Frequency domain
resource 2 and

sending moment 2

Frequency domain
resource 3 and

sending moment 3

Frequency domain
resource 4 and

sending moment 4

Comb 2

Comb 4

Comb 1

Comb 3

Twelfth correspondence 4

Frequency domain

resource 1 and sending

Frequency domain

resource 2 and

Frequency domain

resource 3 and

Frequency domain

resource 4 and

moment 1 sending moment 2 | sending moment 3 | sending moment 4
Comb 4 Comb 1 Comb 3 Comb 2
[00659] In this way, the terminal device obtains, by using one of the plurality of twelfth

correspondences and the frequency domain resource and the time domain resource that are
occupied by the first antenna port, the comb occupied by the first antenna port, so that the comb
occupied by the first antenna port randomly changes on different frequency domain resources and
time domain resources. The network device allocates different twelfth correspondences (patterns)
to terminal devices in different cells, so that a terminal device that causes interference to the
terminal device randomly changes, to implement the interference randomization, and achieve the

better interference randomization effect.
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[00660] In a possible design method, the M antenna ports may further include at least one
second antenna port. For descriptions of the second antenna port, refer to the corresponding
descriptions in S502. Details are not described herein again.

[00661] Optionally, a comb occupied by the second antenna port may be determined based on
at least a second offset.

[00662] Optionally, the second offset is different from the first offset.

[00663] For example, the second offset may be an integer greater than 0 or equal to 0.

[00664] Optionally, that a comb occupied by the second antenna port is determined based on at
least a second offset may include: The comb occupied by the second antenna port may be
determined based on an initial value of the comb occupied by the second antenna port and the
second offset.

[00665] Optionally, the initial value of the comb occupied by the second antenna port may be
determined based on a comb offset; or the initial value of the comb occupied by the second antenna
port may be determined based on a comb quantity and a comb offset.

[00666] For example, the initial value of the comb occupied by the second antenna port may
satisfy the foregoing formula (2).

[00667] For example, the comb occupied by the second antenna port may be determined based
on the comb offset and the second offset; or the comb occupied by the second antenna port may
be determined based on the comb quantity, the comb offset, and the second offset.

[00668] For example, the second offset may be determined based on at least a time domain
resource occupied by the second antenna port and/or a frequency domain resource occupied by the
second antenna port.

[00669] Optionally, the time domain resource occupied by the second antenna port may include
one or more OFDM symbols. Optionally, the one or more OFDM symbols that may be included
in the time domain resource occupied by the second antenna port are determined based on one or
more of the following parameters: a system frame number corresponding to the second antenna
port, a slot number corresponding to the second antenna port, and an OFDM symbol number
corresponding to the second antenna port.

[00670] A quantity of OFDM symbols included in the time domain resource occupied by the
second antenna port is not limited in this application.

[00671] Optionally, the frequency domain resource occupied by the second antenna port may
include one or more sub-bandwidths. Optionally, the one or more sub-bandwidths included in the
frequency domain resource occupied by the second antenna port are determined based on one or
more of the following parameters: an index of a frequency hopping bandwidth corresponding to
the second antenna port, and an index of a transmit bandwidth corresponding to the second antenna
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port.

[00672] Optionally, all first antenna ports included in the terminal device belong to a same
reference signal resource, all second antenna ports included in the terminal device belong to a same
reference signal resource, and the reference signal resource to which all the first antenna ports
belong may be the same as or different from the reference signal resource to which all the second
antenna ports belong.

[00673] In some embodiments, the second offset may include a second random number and/or
a sixth random number.

[00674] Optionally, the second random number may be determined based on at least the time
domain resource occupied by the second antenna port. For example, the second random number
may be denoted by Q..

[00675] For example, the second random number may be a random number greater than 0 or
equal to 0.

[00676] Optionally, the sixth random number may be determined based on at least the frequency
domain resource occupied by the second antenna port. For example, the sixth random number may
be denoted by Q,.

[00677] Forexample, the sixth random number may be a random number greater than 0 or equal
to 0.

[00678] In this way, the comb occupied by the second antenna port may be determined based
on the second random number and/or the sixth random number.

[00679] For example, the comb occupied by the second antenna port may be determined based
on the comb quantity, the comb offset, and the second random number; the comb occupied by the
second antenna port may be determined based on the comb quantity, the comb offset, and the sixth
random number; or the comb occupied by the second antenna port may be determined based on
the comb quantity, the comb offset, the second random number, and the sixth random number.
[00680] In some embodiments, that the second random number is determined based on at least
the time domain resource occupied by the second antenna port may include: The second random
number is determined based on the time domain resource occupied by the second antenna port and
a pseudo-random sequence.

[00681] Optionally, the second random number is determined based on the time domain
resource occupied by the second antenna port and the pseudo-random sequence, and the second
random number may be further determined based on one or more of the following parameters: the
quantity of the slots included in each system frame, the quantity of the OFDM symbols included
in each slot, the comb quantity, and the comb offset.

[00682] Optionally, the first random number may satisfy the formula (11), the formula (12), the
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formula (13), or the formula (14) in S502. Details are not described herein again.

[00683] In the formula (11), the formula (12), the formula (13), or the formula (14), Q,
represents the second random number, the mathematical symbol Y i} represents summation, the
mathematical symbol mod represents a modulo operation, c() is the pseudo-random sequence,
ny represents the system frame number corresponding to the second antenna port (or ng
represents a system frame number of the time domain resource occupied by the second antenna

port), Nffame represents the quantity of the slots in each system frame, NSS;‘I’IEb represents the

quantity of the OFDM symbols in each slot, ngf represents the slot number corresponding to the
second antenna port (or ngf represents a slot number of the time domain resource occupied by

the second antenna port), [, represents an index of a start OFDM symbol in the one or more
OFDM symbols included in the time domain resource occupied by the second antenna port, I
represents a relative index of one OFDM symbol in the one or more OFDM symbols included in
the time domain resource occupied by the second antenna port (or I’ represents a relative index
of an OFDM symbol of the time domain resource occupied by the second antenna port), and Kyc
represents the comb quantity.

[00684] In some other embodiments, that the second random number is determined based on at
least the time domain resource occupied by the second antenna port may include: The second
random number is determined based on one of a plurality of third correspondences and the time
domain resource occupied by the second antenna port.

[00685] Optionally, one of the plurality of third correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of third correspondences,
and/or one of the plurality of third correspondences.

[00686] For example, the network device may select one third correspondence from the
plurality of third correspondences, and indicate the selected third correspondence to the terminal
device.

[00687] Optionally, one third correspondence may include a correspondence between at least
one second random number and at least one time domain resource. A specific implementation of
the third correspondence is similar to that of the first correspondence. For details, refer to the
foregoing descriptions of the first correspondence. Details are not described herein again.

[00688] For example, the at least one second random number corresponds one-to-one to the at
least one time domain resource. For example, the time domain resource may be an OFDM symbol,
a system frame number, or a slot number.

[00689] For example, the terminal device may obtain, from the correspondence between at least
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one second random number and at least one time domain resource based on the time domain
resource occupied by the second antenna port, the second random number corresponding to the
time domain resource occupied by the second antenna port.

[00690] In this way, the second random number obtained by the terminal device randomly
changes at different sending moments, and then the comb occupied by the second antenna port of
the terminal device is determined based on the second random number, so that the frequency
domain resource (comb) occupied by the second antenna port of the terminal device may randomly
change at different sending moments.

[00691] Optionally, one frequency hopping periodicity may include at least one time of
reference signal sending, and the correspondence between at least one second random number and
at least one time domain resource may include: a correspondence between the at least one second
random number and a relative number of the at least one time of reference signal sending in the
frequency hopping periodicity.

[00692] For example, the at least one second random number corresponds one-to-one to a
number of the at least one time of reference signal sending.

[00693] For example, the terminal device may obtain, based on a number of a current time of
reference signal sending via the second antenna port, the second random number from the
correspondence between the at least one second random number and a relative number of the at
least one time of reference signal sending in the frequency hopping periodicity.

[00694] Optionally, the correspondence between at least one second random number and at least
one time domain resource may include: a correspondence between the at least one second random
number and an index of at least one frequency hopping periodicity.

[00695] For example, the at least one second random number corresponds one-to-one to the
index of the at least one frequency hopping periodicity.

[00696] For example, the terminal device may obtain the second random number from the
correspondence between the at least one second random number and an index of at least one
frequency hopping periodicity based on an index of a frequency hopping periodicity in which the
time domain resource occupied by the second antenna port is located.

[00697] Optionally, the network device may indicate different second correspondences to
terminal devices in different cells.

[00698] In this way, the network device indicates different second correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the frequency-domain interference randomization, and achieve
the better interference randomization effect.

[00699] In some embodiments, that the sixth random number is determined based on at least
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the frequency domain resource occupied by the second antenna port may include: The sixth
random number is determined based on the frequency domain resource occupied by the second
antenna port and a pseudo-random sequence.
[00700] Optionally, the pseudo-random sequence may be c().
[00701] Optionally, the sixth random number may satisfy a formula (32) or a formula (33).
Qs = (Xh=0 c(8k +m) - 2™)mod Kr¢ (32)
Q4 = Xn=oc(8k +m) - 2™ (33)
[00702] In the formula (32) or the formula (33), Q, represents the sixth random number, the
mathematical symbol Y i} represents summation, the mathematical symbol mod represents a
modulo operation, c() is the pseudo-random sequence, k represents the index of the frequency
hopping bandwidth and/or the index of the transmit bandwidth that correspond/corresponds to the
frequency domain resource occupied by the second antenna port, and K. represents the comb
quantity.
[00703] It should be noted that m in the formula (32) or the formula (33) is irrelevant to a
sequence length M. In the formula (32) or the formula (33), an example in which m is an integer
ranging from O to 7 is used for description, and a value range of m in the formula (32) or the
formula (33) is not limited in this application.
[00704] In some other embodiments, that the sixth random number is determined based on at
least the frequency domain resource occupied by the second antenna port may include: The sixth
random number is determined based on one of a plurality of fourth correspondences and the
frequency domain resource occupied by the second antenna port.
[00705] Optionally, one of the plurality of fourth correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of fourth correspondences,
and/or one of the plurality of fourth correspondences.
[00706] For example, the network device may select one fourth correspondence from the
plurality of fourth correspondences, and indicate the selected fourth correspondence to the terminal
device.
[00707] Optionally, one fourth correspondence may include a correspondence between at least
one sixth random number and at least one frequency domain resource.
[00708] For example, the at least one sixth random number corresponds one-to-one to the at
least one frequency domain resource.
[00709] For example, the terminal device may obtain, from the correspondence between at least
one sixth random number and at least one frequency domain resource based on the frequency

domain resource occupied by the second antenna port, the sixth random number corresponding to
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the frequency domain resource occupied by the second antenna port.

[00710] For example, a specific implementation of the fourth correspondence is similar to that
of the first correspondence. For details, refer to the descriptions of the first correspondence. Details
are not described herein again.

[00711] In this way, the sixth random number obtained by the terminal device randomly
changes on different frequency domain resources, and then the comb occupied by the second
antenna port of the terminal device is determined based on the sixth random number, so that the
frequency domain resource (comb) occupied by the second antenna port of the terminal device
may randomly change at different sending moments.

[00712] Optionally, the network device may indicate different fourth correspondences to
terminal devices in different cells.

[00713] In this way, the network device indicates different fourth correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the interference randomization, and achieve the better
interference randomization effect.

[00714] In another possible design method, the second offset may be a sum of the first offset
and a third offset.

[00715] Optionally, the third offset may be an integer greater than or equal to 0.

[00716] In some embodiments, the third offset may be determined based on at least the time
domain resource occupied by the second antenna port and/or the frequency domain resource
occupied by the second antenna port. For specific implementations of the time domain resource
occupied by the second antenna port and the frequency domain resource occupied by the second
antenna port, refer to the foregoing descriptions. Details are not described herein again.

[00717] In some embodiments, the third offset may include a third random number and/or a
seventh random number.

[00718] Optionally, the third random number may be determined based on at least the time
domain resource occupied by the second antenna port. For example, the third random number may
be denoted by A.

[00719] For example, the third random number may be a random number greater than 0 or equal
to 0.

[00720] Optionally, the seventh random number is determined based on at least the frequency
domain resource occupied by the second antenna port. For example, the seventh random number
may be denoted by 4.

[00721] For example, the seventh random number may be a random number greater than 0 or

equal to 0.
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[00722] In this way, the comb occupied by the second antenna port may be determined based
on the third random number and/or the seventh random number.
[00723] For example, the comb occupied by the second antenna port may be determined based
on the comb quantity, the comb offset, and the third random number; the comb occupied by the
second antenna port may be determined based on the comb quantity, the comb offset, and the
seventh random number; or the comb occupied by the second antenna port may be determined
based on the comb quantity, the comb offset, the third random number, and the seventh random
number.
[00724] In some embodiments, that the third random number is determined based on at least
the time domain resource occupied by the second antenna port may include: The third random
number is determined based on the time domain resource occupied by the second antenna port and
a pseudo-random sequence.
[00725]  Optionally, the third random number is determined based on the time domain resource
occupied by the second antenna port and the pseudo-random sequence, or the third random number
may be determined based on one or more of the following parameters: the quantity of the slots
included in each system frame, the quantity of the OFDM symbols included in each slot, the comb
quantity, and the comb offset.
[00726] Optionally, the third random number may satisfy the formula (15), the formula (16),
the formula (17), the formula (18), the formula (34), or the formula (35) in S502. Details are not
described herein again.

A = (Xm0 c(Bny NGE NSO, + nb NSO + 1o + 1) + m + 1) - 2™)mod Krc

(34)

A= (oo c(BMENS, + 1o+ 1) +m+ 1) - 2™)mod Krc (35)
[00727] In the formula (15), the formula (16), the formula (17), the formula (18), the formula
(34), or the formula (35), 4 represents the third random number, the mathematical symbol Y, i
represents summation, the mathematical symbol mod represents a modulo operation, c() is the
pseudo-random sequence, n, represents the system frame number corresponding to the second
antenna port (or ny represents the system frame number of the time domain resource occupied by

slot

the second antenna port), Nfame represents the quantity of the slots in each system frame, Ngymb

represents the quantity of the OFDM symbols in each slot, ngf represents the slot number

corresponding to the second antenna port (or ngf represents the slot number of the time domain

resource occupied by the second antenna port), [, represents the index of the start OFDM symbol
in the one or more OFDM symbols included in the time domain resource occupied by the second

antenna port, [’ represents the relative index of the OFDM symbol in the one or more OFDM
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symbols included in the time domain resource occupied by the second antenna port (or [’
represents the relative index of the OFDM symbol of the time domain resource occupied by the
second antenna port), and K¢ represents the comb quantity.

[00728] In some other embodiments, that the third random number is determined based on at
least the time domain resource occupied by the second antenna port may include: The third random
number is determined based on one of a plurality of fifth correspondences and the time domain
resource occupied by the second antenna port.

[00729] Optionally, one of the plurality of fifth correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of fifth correspondences,
and/or one of the plurality of fifth correspondences.

[00730] Forexample, the network device may select one fifth correspondence from the plurality
of fifth correspondences, and indicate the selected fifth correspondence to the terminal device.
[00731] Optionally, one fifth correspondence may include a correspondence between at least
one third random number and at least one time domain resource.

[00732] For example, the at least one third random number corresponds one-to-one to the at
least one time domain resource. For example, the time domain resource may be an OFDM symbol,
a system frame number, or a slot number.

[00733] For example, the terminal device may obtain, from the correspondence between at least
one third random number and at least one time domain resource based on the time domain resource
occupied by the second antenna port, the third random number corresponding to the time domain
resource occupied by the second antenna port.

[00734] For example, a specific implementation of the fifth correspondence is similar to that of
the first correspondence. For details, refer to the descriptions of the first correspondence. Details
are not described herein again.

[00735] Inthisway, the third random number obtained by the terminal device randomly changes
at different sending moments, and then the comb occupied by the second antenna port of the
terminal device is determined based on the third random number, so that the frequency domain
resource (comb) occupied by the terminal device randomly changes at different sending moments.
[00736] Optionally, one frequency hopping periodicity may include at least one time of
reference signal sending, and the correspondence between at least one third random number and
at least one time domain resource may include: a correspondence between the at least one third
random number and a relative number of the at least one time of reference signal sending in the
frequency hopping periodicity.

[00737] For example, the at least one third random number corresponds one-to-one to a number
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of the at least one time of reference signal sending.

[00738] For example, the terminal device may obtain, based on a number of a current time of
reference signal sending via the second antenna port, the third random number from the
correspondence between the at least one third random number and a relative number of the at least
one time of reference signal sending in the frequency hopping periodicity.

[00739] Alternatively, optionally, the correspondence between at least one third random number
and at least one time domain resource may include: a correspondence between the at least one third
random number and an index of at least one frequency hopping periodicity.

[00740] For example, the at least one third random number corresponds one-to-one to the index
of the at least one frequency hopping periodicity.

[00741] For example, the terminal device may obtain the third random number from the
correspondence between the at least one third random number and an index of at least one
frequency hopping periodicity based on an index of a frequency hopping periodicity in which the
time domain resource occupied by the second antenna port is located.

[00742] Optionally, the network device may indicate different fifth correspondences to terminal
devices in different cells.

[00743] In this way, the network device indicates different fifth correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the frequency-domain interference randomization, and achieve
the better interference randomization effect.

[00744] Insome embodiments, that the seventh random number is determined based on at least
the frequency domain resource occupied by the second antenna port may include: The seventh
random number is determined based on the frequency domain resource occupied by the second
antenna port and a pseudo-random sequence. Optionally, the pseudo-random sequence may be c().
[00745]  Optionally, the seventh random number may satisfy a formula (36), a formula (37), or
a formula (38).

A =7 _oc(8k+m+1)-2™)mod (Krc/2) (36)
Ay = (Th=oc(8k +m) - 2™)mod (Kt¢/2) (37)
A =7 _oc(8k+m+1)-2™)modKrc (38)

[00746] In the formula (36), the formula (37), or the formula (38), 4, represents the seventh
random number, the mathematical symbol ) i} represents summation, c¢() is the pseudo-
random sequence, the mathematical symbol mod represents a modulo operation, k represents the
index of the frequency hopping bandwidth and/or the index of the transmit bandwidth that
correspond/corresponds to the frequency domain resource occupied by the second antenna port,
and Kyc represents the comb quantity.
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[00747] It should be noted that m in the formula (36), the formula (37), or the formula (38) is
irrelevant to a sequence length M. In the formula (36), the formula (37), or the formula (38), an
example in which m is an integer ranging from 0 to 7 is used for description, and a value range of
m in the formula (36), the formula (37), or the formula (38) is not limited in this application.
[00748] In some other embodiments, that the seventh random number is determined based on
at least the frequency domain resource occupied by the second antenna port may include: The
seventh random number is determined based on one of a plurality of sixth correspondences and
the frequency domain resource occupied by the second antenna port.

[00749] Optionally, one of the plurality of sixth correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of sixth correspondences,
and/or one of the plurality of sixth correspondences.

[00750] For example, the network device may select one sixth correspondence from the
plurality of sixth correspondences, and indicate the selected sixth correspondence to the terminal
device.

[00751] Optionally, the sixth correspondence includes a correspondence between at least one
seventh random number and at least one frequency domain resource.

[00752] For example, the at least one seventh random number corresponds one-to-one to the at
least one frequency domain resource.

[00753] For example, the terminal device may obtain, from the correspondence between at least
one seventh random number and at least one frequency domain resource based on the frequency
domain resource occupied by the second antenna port, the seventh random number corresponding
to the frequency domain resource occupied by the second antenna port.

[00754] For example, a specific implementation of the sixth correspondence is similar to that
of the first correspondence. For details, refer to the descriptions of the first correspondence. Details
are not described herein again.

[00755] In this way, the seventh random number obtained by the terminal device randomly
changes on different frequency domain resources, and then the comb occupied by the second
antenna port of the terminal device is determined based on the seventh random number, so that the
frequency domain resource (comb) occupied by the second antenna port of the terminal device
may randomly change at different sending moments.

[00756] Optionally, the network device may indicate different sixth correspondences to terminal
devices in different cells.

[00757] In this way, the network device indicates different sixth correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
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randomly changes, to implement the interference randomization, and achieve the better
interference randomization effect.

[00758] In this application, the comb occupied by the first antenna port of the terminal device
is determined based on the first offset, and the comb occupied by the second antenna port of the
terminal device is determined based on the second offset, so that the comb occupied by the antenna
port of the terminal device randomly changes at different sending moments, and intervals between
a plurality of combs occupied by the antenna ports of the same terminal device may also change
randomly. In this way, antenna ports that cause interference to the antenna port of the terminal
device are random at different sending moments, and antenna ports that cause, at a same sending
moment, interference to antenna ports that are of the terminal device and that occupy different
combs may not be antenna ports of a same terminal device. This can implement interference
randomization, and can further improve a degree of freedom of the resource occupied by the
antenna port of the terminal device, to further improve an interference randomization effect.
[00759] In some embodiments, when the second offset is a second random number Q, (the

second random number is determined based on the time domain resource occupied by the second

antenna port), an index k%) that is of a comb occupied by antenna port p; and that is determined
based on the second offset may satisfy the following formula: k%) = (ktc + Krc/2 + Q;) mod

Krc , or k%') = (ktc + Q;) mod Krc , where krc represents the comb offset, kic €
{0,1, ..., Krc — 1}, Ky represents the comb quantity, and Q, represents the second random
number or the second offset.

[00760] In some embodiments, when the second offset is a sixth random number Q, (the sixth

random number is determined based on the frequency domain resource occupied by the first

antenna port), an index k%) that is of a comb occupied by antenna port p; and that is determined

based on the second offset may satisfy the following formula: k%') = (ktc + Krc/2 + Q,) mod

Krc, or k%)z(lETC+Q4) mod Krc , where kyc represents the comb offset, kqc €

{0,1,...,Krc — 1}, K¢ represents the comb quantity, and Q, represents the sixth random
number or the second offset.
[00761] Insome embodiments, when the second offset is the sum of the first offset and the third

offset, the first offset is a first random number Q, and the third offset is a third random number
A, an index k%') that is of a comb occupied by antenna port p; and that is determined based on
the second offset may satisfy the following formula: k%') = (ktc + Krc/2 + Q1 + A) mod K¢
or k%') = (ktc + Q1+ A) mod Krc.

[00762] Insome embodiments, when the second offset is the sum of the first offset and the third
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offset, the first offset is a fifth random number @5, and the third offset is a seventh random number
A;, an index k%') that is of a comb occupied by antenna port p; and that is determined based on
the second offset may satisfy the following formula: k%') = (krc + Krc/2 + Q3 + Ay) mod K¢
or k%') = (kc + Q3 + Ay) mod Krc.

[00763] Insome embodiments, when the second offset is the sum of the first offset and the third
offset, the first offset includes a first random number @, and a fifth random number Q5, and the

third offset includes a third random number A and a seventh random number Ay, an index k%')

that is of a comb occupied by antenna port p; and that is determined based on the second offset
may satisfy the following formula: k%) = (ktc + Krc/2 + Q, + A+ Q3 + Ay) mod Krc or

kP = (Rre + Q1 + A+ Q3 + A;) mod Krc.

[00764] For example, combs occupied by some antenna ports of the terminal device may be
determined based on the first offset, and combs occupied by the other antenna ports of the terminal
device may be determined based on the second offset. The index k%') of the comb occupied by
antenna port p; of the terminal device may satisfy the foregoing formula (19), formula (20),
formula (21), or formula (22); or the following formula (39), formula (40), formula (41), formula
(42), formula (43), or formula (44).

(krc + Krc/2 + Q3) mod Kre - N3R® = 4,p; € {1001,1003},ngpg” = 6
kg}éi) = (ETC + Krc/2 + Q3) mod K¢ NaSpRS = 4,p; € {1001,1003},nSs € {ngsF,ergax/Z ' _",ngsF,ergax _ 1} (39)
(ktc + Q4) mod Krc otherwise (otherwise)

(krc + Krc/2 + Q) mod Krc - NSRS = 4,p; € {1001,1003},nia™ = 6
120 = (Ryc + Krc/2 + Q4) mod Kt NSRS = 4,p; € {1001,1003},nSks € {nSm®/2, ..., nS0™ — 1} (40)
(ktc + Q3) mod Krc otherwise (otherwise)
(krc + Krc/2 + Q3) mod Krc N3RS = 4,p; € {1001,1003},ngps™ =
k20 = { (krc + Krc/2 + Q) mod Krc NSRS = 4,p; € {1001,1003},n8s € {nSn®/2, ..., nSm®™ — 1} (41)
(krc + Q3 + Ay) mod Krc otherwise (otherwise)
(krc + Krc/2 + Qs + A) mod Kre NSRS = 4,p; € {1001,1003} ngpe™ = 6
k20 = { (krc + Krc/2 + Qs + Ay) mod Krc - NSRS = 4,p; € {1001, 1003},n$ks € {nS2™ /2, ..., nSm® — 1}
(krc + Q3) mod Krc otherwise (otherwise)
(42)
(krc + Krc/2+ Qi+ A)mod Krc N3RS = 4,p; € {1001,1003},ngpe = 6
k80 = { (kye + Krc/2 + Q +A) mod Krc NSRS = 4,p; € {1001,1003},n8%s € {nS0™/2, ..., nS™ — 1}
(ktc + Q1+ A+ Q3 +A;) mod Krc  otherwise (otherwise)
(43)
() _
K =
(krc + Krc/2+ Q1 + A+ Q3+ A;) mod Krc Nt = 4,p; € {1001,1003},ngps " = 6
(krc + Krc/2+ Q1 + A+ Q3+ A;) mod Kre  NgRS = 4,p; € {1001,1003},nxs € {ngpa /2, ..., ngpa " — 1} (44)
(ktc + Q1 + A) mod Kt otherwise (otherwise)

[00765]  With reference to Table 7 and FIG. 7, the following describes a comb occupied by an
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antenna port of each terminal device after combs occupied by different antenna ports are
determined based on at least the first offset or the second offset.

[00766] For example, after the combs occupied by the different antenna ports of the terminal
device are determined based on the first offset (the first offset is determined based on the time
domain resource occupied by the first antenna port) or the second offset (the second offset is
determined based on the time domain resource occupied by the second antenna port), for the comb
occupied by the antenna port of each terminal device, refer to the descriptions of Table 7 and FIG.
7 in S502. Details are not described herein again.

[00767] For example, after the combs occupied by the different antenna ports of the terminal
device are determined based on the first offset (the first offset is determined based on the frequency
domain resource occupied by the first antenna port) or the second offset (the second offset is
determined based on the frequency domain resource occupied by the second antenna port), for the
comb occupied by the antenna port of each terminal device, refer to Table 16.

[00768] The foregoing scenario 1 is used as an example. That a comb occupied by two antenna
ports of each of UE 1 to UE 8 is determined based on at least the first offset, and a comb occupied
by the other two antenna ports of each of UE 1 to UE 8 is determined based on at least the second
offset is used as an example. The comb occupied by the antenna port of each UE may be shown in
Table 16.

[00769] On frequency domain resource 1, antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy
comb 1 and comb 3, and antenna ports of UE 3, UE 4, UE 7, and UE 8 occupy same comb 2 and
same comb 4.

[00770] UE 1isused as an example. On frequency domain resource 1, the antenna ports of UE
1 suffer interference, on comb 1 and comb 3, from antenna ports of UE 5 and UE 6.

[00771] It should be noted that, in Table 16, an example in which antenna port p, and antenna
port p, of each UE occupy one comb, and antenna port p; and antenna port p; occupy one
comb is used. For example, the comb occupied by antenna port p, and antenna port p, isacomb
with a smaller comb index in two combs occupied by the UE, and the comb occupied by antenna
port p; and antenna port p; is a comb with a larger comb index in the two combs occupied by
the UE. For ease of understanding, Table 16 shows the UEs, corresponding base sequences, and
corresponding combs, but do not show the antenna port.

[00772] On frequency domain resource 2, antenna ports of UE 1, UE 2, UE 7, and UE 8 occupy
comb 1, the antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy comb 2, the antenna ports of UE
3, UE 4, UE 7, and UE 8 occupy comb 3, and antenna ports of UE 3, UE 4, UE 5, and UE 6 occupy
comb 4.

[00773] UE 1 is used as an example. On frequency domain resource 2, the antenna ports (for
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example, antenna port p, and antenna port p,) of UE 1 suffer interference, on comb 1, from
antenna ports (for example, antenna port p, and antenna port p,) of UE 7 and UE 8. The antenna
ports (for example, antenna port p; and antenna port ps) of UE 1 suffer interference, on comb 2,
the antenna ports (for example, antenna port p, and antenna port p,) of UE 5 and UE 6.
[00774]
occupy comb 1, the antenna ports of UE 1, UE 2, UE 5, and UE 6 occupy comb 4, the antenna
ports of UE 3, UE 4, UE 5, and UE 6 occupy comb 2, and the antenna ports of UE 3, UE 4, UE 7,
and UE 8 occupy comb 4.

[00775]

example, antenna port p, and antenna port p,) of UE 1 suffer interference, on comb 1, from the

On frequency domain resource n, the antenna ports of UE 1, UE 2, UE 7, and UE 8

UE 1 is used as an example. On frequency domain resource n, the antenna ports (for

antenna ports (for example, antenna port p, and antenna port p,) of UE 7 and UE 8. The antenna
ports (for example, antenna port p; and antenna port ps) of UE 1 suffer interference, on comb 4,
the antenna ports (for example, antenna port p, and antenna port p,) of UE 5 and UE 6.

[00776]
domain unit 1, subband 1, frequency hopping bandwidth 1, frequency hopping bandwidth 1, or the

Optionally, in Table 16, frequency domain resource 1 may be replaced with frequency

like. Frequency domain resource 2 to frequency domain resource n are similar to frequency domain

resource 1, and details are not described one by one.

Table 16

Frequency domain resource 1

land 3

land 3

2and 4

Cell 1 UE 1: r;,combs | UE 2: r;,combs | UE 3: r;,combs | UE4: ry,
land 3 land 3 2and 4 combs 2 and 4
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

combs 2 and 4

Frequency domain resource 2

2and 4

2and 4

land 3

Cell 1 UE 1: r;,combs | UE 2: r;,combs | UE 3: r;,combs | UE4: ry,
1land?2 land 2 3and 4 combs 3 and 4
Cell 2 UE 5: r,, combs | UEG6: r,,combs | UE7: r,,combs | UE8: r,,

combs 1and 3

Frequency domain resource n

Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE 4: ry,
land 4 land 4 2and 3 combs 2 and 3
Cell 2 UE 5: r,, combs | UEG6: r,,combs | UE7: r,,combs | UE8: r,,
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2and 4 2and 4 land 3 combs 1and 3

[00777] In this way, after the comb occupied by the two antenna ports of each of UE 1 to UE 8
is determined based on at least the first offset, and the comb occupied by the other two antenna
ports of each of UE 1 to UE 8 is determined based on at least the second offset, the comb occupied
by the antenna port of UE 1 randomly changes on different frequency domain resources. For
example, on frequency domain resource 1, UE 1 sends a reference signal through comb 1 and
comb 3; and on frequency domain resource 2, UE 1 sends a reference signal through comb 1 and
comb 4, so that an antenna port that causes interference to the antenna port of UE 1 randomly
changes. In addition, antenna ports that cause, on a same frequency domain resource, interference
to antenna ports, that are of the terminal device, (antenna port p, and antenna port p, of UE 1,
and antenna port p; and antenna port p; of UE 1) and that occupy different combs may not be
antenna ports of a same terminal device. For example, on frequency domain resource 2, antenna
port p, and antenna port p, of UE 1 suffer interference, on comb 1, from antenna ports p, and
antenna ports p, of UE 7 and UE 8, and antenna port p; and antenna port p; of UE 1 suffer
interference, on comb 2, from antenna ports p, and antenna ports p, of UE 5 and UE 6. This
can further improve the degree of freedom of the resource occupied by the antenna port of the
terminal device, and can further improve the degree of interference randomization caused to the
terminal device, to further improve the interference randomization effect.

[00778] For example, after the combs occupied by the different antenna ports of the terminal
device are determined based on the first offset (the first offset is determined based on the time
domain resource occupied by the first antenna port and the frequency domain resource occupied
by the first antenna port) or the second offset (the second offset is determined based on the time
domain resource occupied by the second antenna port and the frequency domain resource occupied
by the second antenna port), the comb occupied by the antenna port of each terminal device may
be a combination of Table 7 and Table 16, for example, as shown in Table 17.

[00779] The foregoing scenario 1 is used as an example. That a comb occupied by two antenna
ports of each of UE 1 to UE 8 is determined based on at least the first offset, and a comb occupied
by the other two antenna ports of each of UE 1 to UE 8 is determined based on at least the second
offset is used as an example. The comb occupied by the antenna port of each UE may be shown in

Table 17. For specific descriptions, refer to Table 7 or Table 16.

117



10

15

Table 17

Sending moment 1 and frequency domain resource 1

Cell1 UE 1: r;,combs | UE 2: r,combs | UE3: r;,combs | UE 4: ry,
land3 land3 2and 4 combs 2 and 4
Cell 2 UES5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

land 3

land 3

2and 4

combs 2 and 4

Sending moment 2 and frequency domain resource 2

Cell 1 UE 1: r;,combs | UE2: r;,combs | UE 3: r;,combs | UE4: ry,
land?2 land?2 3and 4 combs 3 and 4
Cell 2 UES5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,

2and 4

2and 4

land 3

combs 1and 3

Sending moment n and frequency domain resource n

Cell1 UE 1: r;,combs | UE 2: r,combs | UE3: r;,combs | UE 4: ry,
land 4 land 4 2and 3 combs 2 and 3
Cell 2 UE5: r,,combs | UE6: r,,combs | UE7: r,,combs | UE8: r,,
2and 4 2and 4 land 3 combs 1 and 3
[00780] In this way, after the comb occupied by the two antenna ports of each of UE 1 to UE 8

is determined based on at least the first offset, and the comb occupied by the other two antenna
ports of each of UE 1 to UE 8 is determined based on at least the second offset, the comb occupied
by the antenna port of UE 1 randomly changes at different sending moments and on different
frequency domain resources. For example, at sending moment 1 and on frequency domain resource
1, UE 1 sends a reference signal through comb 1 and comb 3; and at sending moment 2 and on
frequency domain resource 2, UE 1 sends a reference signal through comb 1 and comb 4, so that
an antenna port that causes interference to the antenna port of UE 1 randomly changes. In addition,
antenna ports that cause, at a same sending moment and on a same frequency domain resource,
interference to antenna ports that are, of the terminal device, (antenna port p, and antenna port
p, of UE 1, and antenna port p, and antenna port p; of UE 1) and that occupy different combs
may not be antenna ports of a same terminal device. For example, at sending moment 2 and on
frequency domain resource 2, antenna port p, and antenna port p, of UE 1 suffer interference,
on comb 1, from antenna ports p, and antenna ports p, of UE 7 and UE 8, and antenna port p,
and antenna port p; of UE 1 suffer interference, on comb 2, from antenna ports p, and antenna

ports p, of UE 5 and UE 6. This can further improve the degree of freedom of the resource
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occupied by the antenna port of the terminal device, and can further improve the degree of
interference randomization caused to the terminal device, to further improve the interference
randomization effect.

[00781] In some other embodiments, the comb occupied by the second antenna port may be
determined based on one of a plurality of thirteenth correspondences and the time domain resource
occupied by the second antenna port.

[00782] Optionally, one of the plurality of thirteenth correspondences may be indicated by the
network device to the terminal device. Optionally, the network device may indicate different
thirteenth correspondences to terminal devices in different cells.

[00783] Optionally, one thirteenth correspondence may include a correspondence between at
least one comb and at least one time domain resource.

[00784] For example, the at least one comb corresponds one-to-one to the at least one time
domain resource.

[00785] Optionally, the thirteenth correspondence is different from the tenth correspondence.
[00786] For example, the terminal device may obtain, from the correspondence between at least
one comb and at least one time domain resource based on the time domain resource occupied by
the second antenna port, the comb occupied by the second antenna port.

[00787] Optionally, a specific implementation of the thirteenth correspondence is similar to that
of the tenth correspondence. For details, refer to the foregoing descriptions of the tenth
correspondence. Details are not described herein again.

[00788] In some other embodiments, the comb occupied by the second antenna port may be
determined based on one of a plurality of fourteenth correspondences and the frequency domain
resource occupied by the second antenna port.

[00789] Optionally, one of the plurality of fourteenth correspondences may be indicated by the
network device to the terminal device. Optionally, the network device may indicate different
fourteenth correspondences to terminal devices in different cells.

[00790] Optionally, one fourteenth correspondence may include a correspondence between at
least one comb and at least one frequency domain resource.

[00791] Forexample, the at least one comb corresponds one-to-one to the at least one frequency
domain resource.

[00792] Optionally, the fourteenth correspondence is different from the eleventh
correspondence.

[00793] For example, the terminal device may obtain, from the correspondence between at least
one comb and at least one frequency domain resource based on the frequency domain resource

occupied by the second antenna port, the comb occupied by the second antenna port.
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[00794] Optionally, a specific implementation of the fourteenth correspondence is similar to
that of the eleventh correspondence. For details, refer to the foregoing descriptions of the eleventh
correspondence. Details are not described herein again.

[00795] In some other embodiments, the comb occupied by the second antenna port may be
determined based on one of a plurality of fifteenth correspondences, and the time domain resource
and the frequency domain resource that are occupied by the second antenna port.

[00796] Optionally, one of the plurality of fifteenth correspondences may be indicated by the
network device to the terminal device. Optionally, the network device may indicate different
fifteenth correspondences to terminal devices in different cells.

[00797] Optionally, one fifteenth correspondence may include a correspondence between at
least one comb, at least one time domain resource, and at least one frequency domain resource.
[00798] For example, the at least one comb corresponds one-to-one to the at least one time
domain resource and the at least one frequency domain resource.

[00799] Optionally, the fifteenth correspondence is different from the twelfth correspondence.
[00800] Forexample, the terminal device may obtain, from the correspondence between at least
one comb, at least one time domain resource, and at least one frequency domain resource based
on the frequency domain resource and the frequency domain resource that are occupied by the
second antenna port, the comb occupied by the second antenna port.

[00801] Optionally, a specific implementation of the fifteenth correspondence is similar to that
of the twelfth correspondence. For details, refer to the foregoing descriptions of the twelfth
correspondence. Details are not described herein again.

[00802] In this way, after the comb occupied by the two antenna ports of each of UE 1 to UE 8
is determined based on the tenth correspondence, the eleventh correspondence, the twelfth
correspondence, or the first offset, and the comb occupied by the other two antenna ports of each
of UE 1 to UE 8 is determined based on the thirteenth correspondence, the fourteenth
correspondence, or the fifteenth correspondence, the comb occupied by the antenna port of UE 1
randomly changes at different sending moments and/or on frequency domain resources. In addition,
antenna ports that cause, at a same sending moment and on a same frequency domain resource,
interference to antenna ports that are of the terminal device (antenna port p, and antenna port p,
of UE 1, and antenna port p, and antenna port p; of UE 1) and that occupy different combs may
not be antenna ports of a same terminal device. This can further improve the degree of freedom of
the resource occupied by the antenna port of the terminal device, and can further improve the
degree of interference randomness caused to the terminal device, to further improve the
interference randomization effect.

[00803] According to the communication method shown in FIG. 13, the comb occupied by the
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first antenna port of the terminal device is determined based on the first offset, so that the comb
occupied by the antenna port of the terminal device may randomly change at different sending
moments and/or on different frequency domain resources. In this way, an antenna port of a terminal
device that causes interference to the antenna port of the terminal device randomly changes.
Therefore, the interference randomization is implemented, and the better interference
randomization effect can be achieved.

[00804] For example, FIG. 14 is a schematic flowchart of a communication method according
to an embodiment of this application. The method shown in FIG. 14 may be used in combination
with the method shown in FIG. 5 or FIG. 13, to achieve a better interference randomization effect.
The method shown in FIG. 14 and the method shown in FIG. 5 or FIG. 13 may alternatively be
separately used.

[00805] Asshown in FIG. 14, the communication method includes the following steps.
[00806] S1401: A network device sends configuration information of a reference signal.
Correspondingly, a terminal device receives the configuration information of the reference signal.
[00807] For a specific implementation of S1401, refer to S501. Details are not described herein
again.

[00808] S1402: The terminal device sends a reference signal via M antenna ports based on the
configuration information. Correspondingly, the network device receives the reference signal via
the M antenna ports based on the configuration information.

[00809] For example, M is an integer greater than 0, and the M antenna ports include at least
one first antenna port. For specific implementations of M, the M antenna ports, and the first
antenna port, refer to the corresponding descriptions in S502. Details are not described herein
again.

[00810] In a possible design method, a start position of a frequency domain resource occupied
by each of the M antenna ports is determined based on at least a fourth offset.

[00811] Insome embodiments, a start position of a frequency domain resource occupied by the
first antenna port is determined based on at least the fourth offset.

[00812] For example, with reference to the foregoing scenario 2, a start position of a frequency
domain resource occupied by each of antenna port p, and antenna port p; of UE 1 may be
determined based on at least the fourth offset.

[00813] Optionally, the fourth offset may be an integer greater than or equal to 0.

[00814] Optionally, that a start position of a frequency domain resource occupied by the first
antenna port is determined based on at least a fourth offset may include: The start position of the
frequency domain resource occupied by the first antenna port is determined based on an initial

value of the start position of the frequency domain resource occupied by the first antenna port and
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the fourth offset.

[00815] Optionally, the initial value of the start position of the frequency domain resource
occupied by the first antenna port may be determined based on a frequency hopping offset and a
frequency hopping bandwidth.

[00816] For example, the initial value of the start position of the frequency domain resource
occupied by the first antenna port may satisfy the foregoing formula (3).

[00817] For example, the start position of the frequency domain resource occupied by the first
antenna port is determined based on the frequency hopping offset, a partial sounding offset, and
the fourth offset.

[00818] For example, the fourth offset may be determined based on at least a time domain
resource occupied by the first antenna port and a pseudo-random sequence.

[00819] Optionally, the time domain resource occupied by the first antenna port may include an
index of a frequency hopping periodicity corresponding to the reference signal.

[00820] For example, with reference to FIG. 10, the index of the frequency hopping periodicity
corresponding to the reference signal may be: frequency hopping periodicity 1 or the like.
[00821] Optionally, the time domain resource occupied by the first antenna port may include
one or more OFDM symbols. The one or more OFDM symbols included in the time domain
resource occupied by the first antenna port may be determined based on one or more of the
following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

[00822] A quantity of OFDM symbols included in the time domain resource occupied by the
first antenna port is not limited in this application.

[00823] In a possible design manner, an index of a frequency hopping periodicity in which the
time domain resource is located is determined based on the time domain resource occupied by the
first antenna port; or a relative index of the time domain resource in one corresponding frequency
hopping periodicity is determined based on the time domain resource occupied by the first antenna
port, where the relative index may be defined as follows: A relative index of a k™" time of sending
in one frequency hopping periodicity is k-1.

[00824]  Optionally, the pseudo-random sequence may be c(). For a specific implementation of
the pseudo-random sequence, refer to the corresponding descriptions in S502. Details are not
described herein again.

[00825] Optionally, the fourth offset may be a fourth random number.

[00826] For example, the fourth offset may be a random number. For example, the fourth offset

is a random number greater than 0.
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[00827] Optionally, the fourth random number may satisfy the foregoing formula (24) or
formula (25).
[00828] In the foregoing formula (24) or formula (25), k..nq represents the fourth random

number, a mathematical symbol ) :i. represents summation, c() is the pseudo-random

NSRS

Bsrs

" ‘ represents the index of the frequency hopping periodicity corresponding
br=bpep b

sequence, \

sequence, and a mathematical symbol mod indicates a modulo operation.
[00829] Optionally, Npp, = 1.
[00830] It should be noted that for meanings of the parameters in the foregoing formula (25)

and Nppop, = 1, refer to the foregoing descriptions of the formula (5) and Table 3. Details are not

described herein again.

[00831] It should be noted that m in the formula (24) or the formula (25) is irrelevant to a
sequence length M. In the formula (24) or the formula (25), an example in which m is an integer
ranging from O to 7 is used for description, and a value range of m in the formula (24) or the
formula (25) is not limited in this application.

[00832] Alternatively, for example, the fourth offset is determined based on one of a plurality
of ninth correspondences and the time domain resource occupied by the first antenna port.
[00833] Optionally, one of the plurality of ninth correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of ninth correspondences,
and/or one of the plurality of ninth correspondences.

[00834] For example, the network device may select one ninth correspondence from the
plurality of ninth correspondences, and indicate the selected ninth correspondence to the terminal
device.

[00835] Optionally, one ninth correspondence may include a correspondence between at least
one fourth offset and at least one time domain resource.

[00836] For example, the at least one fourth offset corresponds one-to-one to the at least one
time domain resource. For example, the time domain resource may be an OFDM symbol, a system
frame number, or a slot number.

[00837] Optionally, the plurality of ninth correspondences correspond to a same frequency
scaling factor.

[00838] Optionally, one frequency hopping periodicity may include at least one time of
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reference signal sending, and the correspondence between at least one fourth offset and at least
one time domain resource may include: a correspondence between the at least one fourth offset
and a relative number of the at least one time of reference signal sending in the frequency hopping
periodicity.

[00839] For example, the at least one fourth offset corresponds one-to-one to a number of the
at least one time of reference signal sending.

[00840] For example, the terminal device may obtain, based on a number of a current time of
reference signal sending via the first antenna port, the fourth offset from the correspondence
between the at least one fourth offset and a relative number of the at least one time of reference
signal sending in the frequency hopping periodicity.

[00841] Alternatively, optionally, the correspondence between at least one fourth offset and at
least one time domain resource may include: a correspondence between the at least one fourth
offset and an index of at least one frequency hopping periodicity.

[00842] For example, the at least one fourth offset corresponds one-to-one to the index of the
at least one frequency hopping periodicity.

[00843] For example, the terminal device may obtain the fourth offset from the correspondence
between the at least one fourth offset and an index of at least one frequency hopping periodicity
based on the index of the frequency hopping periodicity in which the time domain resource
occupied by the first antenna port is located.

[00844] In some embodiments, that a start position of a frequency domain resource occupied
by each of the M antenna ports is determined based on at least a fourth offset may include: The
start position of the frequency domain resource occupied by each of the M antenna ports may be
determined based on a partial sounding offset nfers. For a specific implementation, refer to the
corresponding descriptions in S1101. Details are not described herein again.

[00845] For a specific implementation of the partial sounding offset, refer to the corresponding
descriptions in S1101. Details are not described herein again.

[00846] In some embodiments, a frequency-domain start position k(()pi) of antenna port p;
may satisfy the foregoing formula (27). For a specific implementation, refer to the corresponding
descriptions in S1101. Details are not described herein again.

[00847] The foregoing scenario 2 is used as an example. A start position of a frequency domain
resource occupied by each antenna port (antenna port p, and antenna port p,) of UE 1 to UE 4
is determined based on at least the fourth offset. The start position of the frequency domain
resource occupied by each UE may be shown in FIG. 12. For a specific implementation, refer to
the corresponding descriptions in S1101. Details are not described herein again.

[00848] The foregoing scenario 1 is used as an example. A start position of a frequency domain
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resource occupied by each antenna port (antenna port p, and antenna port p,) of UE 1 to UE 8
is determined based on at least the fourth offset. The start position of the frequency domain
resource occupied by each UE may be shown in Table 18.

[00849]

periodicity 1, OFDM symbol 1, system frame number 1, slot number 1, time domain resource 1,

For example, in Table 13, sending moment 1 may be replaced with frequency hopping

or time unit 1. Sending moment 2 to sending moment n are similar to sending moment 1, and
details are not described one by one.
[00850]

interference to the antenna port of UE 1. At sending moment 2, the antenna port of UE 7 causes

UE 1 is used as an example. At sending moment 1, the antenna port of UE 5 causes

interference to the antenna port of UE 1. It can be learned that different antenna ports cause
interference to the antenna port of UE 1 at different sending moments. This brings a good
interference randomization effect, can accelerate an interference randomization convergence speed,

and can improve channel estimation performance.

Table 18

Sending moment 1 (each subband includes N RBs)

Cell 1 UE 1. ry, start UE 2: ry, start UE 3. ry, start UE 4: ry, start
RBO RB N/4 RB N/2 RB 3*N/4

Cell 2 UE 5: r,, start UE 6: r,, start UE 7: r,, start UE 8: r,, start
RBO RB N/4 RB N/2 RB 3*N/4

Sending moment 2

Cell 1 UE 1. ry, start UE 2: ry, start UE 3. ry, start UE 4: ry, start
RBO RB N/4 RB N/2 RB 3*N/4

Cell 2 UE 5: r,, start UE 6: r,, start UE 7: r,, start UE 8: r,, start
RB N/2 RB 3*N/4 RBO RB N/4

Sending moment n

Cell 1 UE 1: ry, start UE 2: ry, start UE 3: 1y, start UE 4: ry, start
RB N/4 RB N/2 RB 3*N/4 RB O

Cell 2 UE 5: r,, start UE 6: r,, start UE 7: r,, start UE 8: ry, start
RB 3*N/2 RBO RB N/4 RB N/2

[00851] In some other embodiments, the start position of the frequency domain resource

occupied by the first antenna port may be determined based on one of a plurality of sixteenth

correspondences and the time domain resource occupied by the first antenna port.
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[00852] Optionally, one of the plurality of sixteenth correspondences may be indicated by the
network device to the terminal device.

[00853] Optionally, the network device may indicate different sixteenth correspondences to
terminal devices in different cells.

[00854] Optionally, one sixteenth correspondence may include a correspondence between a
start position of at least one frequency domain resource and at least one time domain resource.
[00855] For example, the start position of the at least one frequency domain resource
corresponds one-to-one to the at least one time domain resource.

[00856] For example, it is assumed that each sixteenth correspondence (which may be referred
to as a pattern (pattern)) has n time domain resources. Offsets between start positions of frequency
domain resources corresponding to the n time domain resources are {x;, X, ...x,} for sixteenth
correspondence 1. In this case, there is sixteenth correspondence 1+a, a is an integer greater than
0, and combs corresponding to the n time domain resources are { X(i+qymoan
X(2+aymodns - X(M+aymodnyt- A Value of {x;, x5, ..x,} belongs to {0, N/S, ..., (S-1)*N/S}, Sis a
quantity of partial bandwidths included in one subband, and N is a quantity of RBs included in one
subband.

[00857] For example, the terminal device may obtain, from the correspondence between a start
position of at least one frequency domain resource and at least one time domain resource based on
the time domain resource occupied by the first antenna port, the start position of the frequency
domain resource occupied by the first antenna port.

[00858] The plurality of tenth correspondences may be shown in Table 19. In Table 19, for
example, there are four sixteenth correspondences and each sixteenth correspondence includes
four time domain resources. Sixteenth correspondence 1 to sixteenth correspondence 4 are
different from each other. For details, refer to Table 19.

[00859] For example, in Table 19, sending moment 1 may be replaced with OFDM symbol 1,
system frame number 1, slot number 1, time domain resource 1, or time unit 1. Sending moment
2 to sending moment 14 are similar to sending moment 1, and details are not described one by one.
[00860] Optionally, in Table 19, the sixteenth correspondence further includes sending moment
1 to sending moment 8, and start positions of frequency domain resources respectively
corresponding to sending moment 5 to sending moment 8 are the same as start positions of
frequency domain resources respectively corresponding to sending moment 1 to sending moment
4,
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Table 19

Sixteenth correspondence 1 (or pattern 1)

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Start RB 0

Start RB N/4

Start RB N/2

Start RB 3*N/4

Sixteenth correspondence 2

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Start RB N/4

Start RB N/2

Start RB 3*N/4

Start RB 0

Sixteenth correspondence 3

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Start RB N/2

Start RB 3*N/4

Start RB 0

Start RB N/4

Sixteenth correspondence 4

Sending moment 1

Sending moment 2

Sending moment 3

Sending moment 4

Start RB 3*N/4

Start RB O

Start RB N/4

Start RB N/2

[00861]

correspondences and the time domain resource occupied by the first antenna port, the start position

In this way, the terminal device obtains, by using one of the plurality of sixteenth

of the frequency domain resource occupied by the first antenna port, so that antenna ports that
cause interference to the antenna port of the terminal device at different sending moments are
different. This brings a good interference randomization effect, can accelerate an interference
randomization convergence speed, and can improve channel estimation performance.

[00862]
the frequency domain resource occupied by the antenna port is determined, the fourth offset is

According to the communication method shown in FIG. 14, when the start position of

introduced, so that the start position of the frequency domain resource occupied by each antenna
port may randomly change on different time domain resources, and an antenna port that causes
interference to an antenna port of a terminal device also randomly changes, to implement
frequency-domain interference randomization. This brings the good interference randomization
effect, can accelerate the interference randomization convergence speed, and can improve the
channel estimation performance.

[00863]
to an embodiment of this application. The method shown in FIG. 15 may be used in combination
with the method shown in FIG. 13 and/or FIG. 14. Alternatively, the method shown in FIG. 15

For example, FIG. 15 is a schematic flowchart of a communication method according

may be used in combination with the method shown in FIG. 5 and/or FIG. 11, to achieve a better
interference randomization effect. Alternatively, the method shown in FIG. 15 may be used
independently.

[00864] Asshown in FIG. 15, the communication method includes the following steps.
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[00865] S1501: A network device sends configuration information of a reference signal.
Correspondingly, a terminal device receives the configuration information of the reference signal.
[00866] S1502: The terminal device sends a reference signal via M antenna ports based on the
configuration information. Correspondingly, the network device receives the reference signal via
the M antenna ports based on the configuration information.

[00867] M isan integer greater than 0, and the M antenna ports include at least one first antenna
port. For specific implementations of M, the M antenna ports, and the first antenna port, refer to
the corresponding descriptions in S502. Details are not described herein again.

[00868] In some embodiments, a cyclic shift value of the first antenna port is determined based
on at least a first code domain offset.

[00869] Optionally, the first offset may be an integer greater than or equal to 0.

[00870] Optionally, that a cyclic shift value of the first antenna port is determined based on at
least a first code domain offset may include: The cyclic shift value of the first antenna port is
determined based on an initial value of the cyclic shift value of the first antenna port and the first
code domain offset.

[00871] Optionally, the cyclic shift value of the first antenna port may be determined based on
the initial value of the cyclic shift value and the first code domain offset.

[00872] Insome embodiments, the first code domain offset may be determined based on at least
a time domain resource occupied by the first antenna port and/or a frequency domain resource
occupied by the first antenna port.

[00873] Optionally, the time domain resource occupied by the first antenna port may include
one or more OFDM symbols. The one or more OFDM symbols included in the time domain
resource occupied by the first antenna port may be determined based on one or more of the
following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

[00874] A quantity of OFDM symbols included in the time domain resource occupied by the
first antenna port is not limited in this application.

[00875] Optionally, the frequency domain resource occupied by the first antenna port may
include one or more sub-bandwidths. The one or more sub-bandwidths included in the frequency
domain resource occupied by the first antenna port may be determined based on one or more of
the following parameters: an index of a frequency hopping bandwidth corresponding to the first
antenna port, and an index of a transmit bandwidth corresponding to the first antenna port.
[00876] Optionally, the M reference signal ports include a plurality of first reference signal ports,

and on a time domain resource and/or a frequency domain resource, the plurality of first reference
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signal ports correspond to a same first code domain offset.
[00877] Insome embodiments, the first code domain offset includes a first code domain random
number and/or a second code domain random number.
[00878] Optionally, the first code domain random number is determined based on at least the
time domain resource occupied by the first antenna port. For example, the first code domain
random number may be denoted by A;.
[00879] Optionally, the second code domain random number is determined based on at least the
frequency domain resource occupied by the first antenna port. For example, the first code domain
random number may be denoted by A,.
[00880] In this way, the cyclic shift value occupied by the first antenna port may be determined
based on a first random number and/or a fifth random number.
[00881] In some embodiments, that the first code domain random number is determined based
on at least the time domain resource occupied by the first antenna port includes: The first code
domain random number is determined based on the time domain resource occupied by the first
antenna port and a pseudo-random sequence.
[00882] Optionally, the pseudo-random sequence may be c(). For a specific implementation of
the pseudo-random sequence, refer to the corresponding descriptions in S502. Details are not
described herein again.
[00883] Optionally, the first code domain random number is determined based on the time
domain resource occupied by the first antenna port and the pseudo-random sequence, and the first
code domain random number may be further determined based on one or more of the following
parameters: a quantity of slots included in each system frame, a quantity of OFDM symbols
included in each slot, a comb quantity, and a comb offset.
[00884] For example, in this application, the quantity of the slots included in each system frame
may be a quantity of slots included in one system frame.
[00885] For example, in this application, the quantity of the OFDM symbols included in each
slot may be a quantity of OFDM symbols included in one slot.
[00886] Optionally, the comb quantity may be a quantity of combs included in a transmit
bandwidth of the reference signal.
[00887] Optionally, the comb offset may be a reference quantity of combs occupied by the
reference signal.
[00888] Optionally, the first code domain random number may satisfy a formula (45), a formula
(46), a formula (47), a formula (48), a formula (49), a formula (50), a formula (51), or a formula
(52).

Ay = (Zizo (s Neiot™ Noymp, + geNeymp + lo + 1) +m) - 2™ )mody  (45)

129



10

15

20

25

30

Ay = (Bheo c(BMENS S + 1o + 1) +m) - 2™)modY (46)

sym
Ay = Y7o (B NG NS, + nh NSO + 1o + 1) +m) - 2™ (47)
A=Y _, c(8(ngff1v;;§;§b +1+1)+m) 2™ (48)

Ay = 5 (Bhimo OO NN, + NS, + o + 1)+ m) - 27JmodY ) (49)

sym sym

A = 27n ((ZZn=0 0(8(ng,fNSIOtb +lo+1) +m)- Zm)modY) (50)

sym

Ay = 37 ETnmo cBUy NS NS R, + 1l eNgyon, + lo + 1) +m) - 2™ (51)
2 !

A = 7” Y=o C(B(ME NS, + 1o + 1) +m) - 2™ (52)

[00889] In the formula (45), the formula (46), the formula (47), the formula (48), the formula
(49), the formula (50), the formula (51), or the formula (52), A, represents the first code domain
random number, a mathematical symbol Y i} represents summation, a mathematical symbol mod
represents a modulo operation, c() is the pseudo-random sequence, ny represents the system
frame number corresponding to the first antenna port (or ns represents a system frame number of

the time domain resource occupied by the first antenna port), Nfame represents the quantity of

the slots in each system frame, N, SIOtb represents the quantity of the OFDM symbols in each slot,

sym

ngf represents the slot number corresponding to the first antenna port (or ngf represents a slot

number of the time domain resource occupied by the first antenna port), [, represents an index of
a start OFDM symbol in the one or more OFDM symbols included in the time domain resource
occupied by the first antenna port (or [, represents the index of the start OFDM symbol), [’
represents a relative index of one OFDM symbol in the one or more OFDM symbols included in
the time domain resource occupied by the first antenna port (or [’ represents a relative index of
an OFDM symbol of the time domain resource occupied by the first antenna port), and Y is a
maximum quantity that is of supported antenna ports and that is multiplexed through cyclic shifting
on one comb, a quantity of Fourier transform points, or a quantity of subcarriers occupied by the
first antenna port on one OFDM symbol.

[00890] It should be noted that m in the formula (45), the formula (46), the formula (47), the
formula (48), the formula (49), the formula (50), the formula (51), or the formula (52) is irrelevant
to the sequence length M. In the formula (45), the formula (46), the formula (47), the formula (48),
the formula (49), the formula (50), the formula (51), or the formula (52), an example in which m
is an integer ranging from 0 to 7 is used for description, and a value range of m in the formula (45),
the formula (46), the formula (47), the formula (48), the formula (49), the formula (50), the formula
(51), or the formula (52) is not limited in this application.

[00891] In this application, the cyclic shift value of the first antenna port of the terminal device
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is determined based on the first code domain random number, so that the cyclic shift value of the
terminal device may randomly change at different sending moments. In this way, a terminal device
that causes interference to the terminal device randomly changes. Therefore, frequency-domain
interference randomization is implemented, and a better interference randomization effect can be
achieved.

[00892] In some other embodiments, that the first code domain random number is determined
based on at least the time domain resource occupied by the first antenna port may include: The
first code domain random number is determined based on one of a plurality of seventh
correspondences and the time domain resource occupied by the first antenna port.

[00893] Optionally, one of the plurality of seventh correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of seventh
correspondences, and/or one of the plurality of seventh correspondences.

[00894] For example, the network device may select one seventh correspondence from the
plurality of seventh correspondences, and indicate the selected seventh correspondence to the
terminal device.

[00895] Optionally, one seventh correspondence may include a correspondence between at least
one first code domain random number and at least one time domain resource.

[00896] For example, the at least one first code domain random number corresponds one-to-
one to the at least one time domain resource. For example, the time domain resource may be an
OFDM symbol, a system frame number, or a slot number.

[00897] For example, it is assumed that each first correspondence (which may be referred to as
a pattern (pattern)) has n time domain resources. First code domain random numbers
corresponding to the n time domain resources are {x;, X,, ...x, } for seventh correspondence 1. In
this case, there is seventh correspondence 1+a, a is an integer greater than 0, and first code domain

random numbers corresponding to the n time domain resources are { X(1+qymoan
X(2+a)modn - X(M+aymoant- A Value of {x;, x,, ..xp} belongs to {0, 1, ..., ncs=1}, and ncs is a

maximum quantity of CSs that can be supported on a comb.

[00898] Optionally, one frequency hopping periodicity includes at least one time of reference
signal sending, and the correspondence between at least one first code domain random number
and at least one time domain resource may include: a correspondence between the at least one first
random number and a relative number of the at least one time of reference signal sending in the
frequency hopping periodicity.

[00899] For example, the at least one first code domain random number corresponds one-to-
one to a number of the at least one time of reference signal sending.
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[00900] For example, the terminal device may obtain, based on a number of a current time of
reference signal sending via the first antenna port, the first code domain random number from the
correspondence between the at least one first code domain random number and a relative number
of the at least one time of reference signal sending in the frequency hopping periodicity.

[00901] Alternatively, optionally, the correspondence between at least one first code domain
random number and at least one time domain resource may include: a correspondence between the
at least one first code domain random number and an index of at least one frequency hopping
periodicity.

[00902] For example, the at least one first code domain random number corresponds one-to-
one to the index of the at least one frequency hopping periodicity.

[00903] For example, the terminal device may obtain the first code domain random number
from the correspondence between the at least one first code domain random number and an index
of at least one frequency hopping periodicity based on an index of a frequency hopping periodicity
in which the time domain resource occupied by the first antenna port is located.

[00904] Optionally, the network device may indicate different seventh correspondences to
terminal devices in different cells.

[00905] Inthis way, the network device indicates different seventh correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the frequency-domain interference randomization, and achieve
the better interference randomization effect.

[00906] In some embodiments, that the second code domain random number is determined
based on at least the frequency domain resource occupied by the first antenna port may include:
The second code domain random number is determined based on the frequency domain resource
occupied by the first antenna port and a pseudo-random sequence.

[00907] Optionally, the pseudo-random sequence may be c().

[00908] Optionally, the second code domain random number may satisfy a formula (53), a

formula (54), a formula (55), or a formula (56).

A, = (X! —oc(8k +m)-2™)mod Y (53)
A, =Y7 _,c(8k +m)-2m (54)
Az = (Bl c(8k +m) - 2™)mod ¥) (55)
Ay = Vo c(8k +m) - 2™ (56)

[00909] In the formula (53), the formula (54), the formula (55), or the formula (56), A,

represents the second code domain random number, the mathematical symbol )’ :.: represents

summation, the mathematical symbol mod represents a modulo operation, c() is the pseudo-
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random sequence, k represents an index of a frequency hopping bandwidth and/or an index of a
transmit bandwidth that correspond/corresponds to the frequency domain resource occupied by
the first antenna port, Y is the maximum quantity that is of supported antenna ports and that is
multiplexed through cyclic shifting on one comb, the quantity of the Fourier transform points, or
the quantity of the subcarriers occupied by the first antenna port on one OFDM symbol.

[00910] It should be noted that m in the formula (53), the formula (54), the formula (55), or the
formula (56) is irrelevant to a sequence length M. In the formula (53), the formula (54), the formula
(55), or the formula (56), an example in which m is an integer ranging from 0 to 7 is used for
description, and a value range of m in the formula (53), the formula (54), the formula (55), or the
formula (56) is not limited in this application.

[00911] In some other embodiments, that the second code domain random number is
determined based on at least the frequency domain resource occupied by the first antenna port may
include: The second code domain random number is determined based on one of a plurality of
eighth correspondences and the frequency domain resource occupied by the first antenna port.
[00912] Optionally, one of the plurality of eighth correspondences may be indicated by the
network device to the terminal device. For example, the configuration information of the reference
signal may include indication information indicating one of the plurality of eighth correspondences,
and/or one of the plurality of eighth correspondences.

[00913] For example, the network device may select one eighth correspondence from the
plurality of eighth correspondences, and indicate the selected eighth correspondence to the
terminal device.

[00914] Optionally, one eighth correspondence may include a correspondence between at least
one second code domain random number and at least one frequency domain resource.

[00915] For example, the at least one second code domain random number corresponds one-to-
one to the at least one frequency domain resource.

[00916] For example, the terminal device may obtain, from the correspondence between at least
one second code domain random number and at least one frequency domain resource based on the
frequency domain resource occupied by the first antenna port, the second code domain random
number corresponding to the frequency domain resource occupied by the first antenna port.
[00917] For example, a specific implementation of the eighth correspondence is similar to that
of the seventh correspondence. For details, refer to the descriptions of the seventh correspondence.
Details are not described herein again.

[00918] In this way, the second code domain random number obtained by the terminal device
randomly changes on different frequency domain resources, and then the cyclic shift value

occupied by the first antenna port of the terminal device is determined based on the second code
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domain random number, so that the cyclic shift value occupied by the terminal device randomly
changes at different sending moments.

[00919] Optionally, the network device may indicate different eighth correspondences to
terminal devices in different cells.

[00920] In this way, the network device indicates different eighth correspondences to terminal
devices in different cells, so that a terminal device that causes interference to the terminal device
randomly changes, to implement the interference randomization, and achieve the better
interference randomization effect.

[00921] Optionally, a value of the cyclic shift value may satisfy a« € {0,1,...,K XY — 1},
where Y isamaximum quantity that is of supported antenna ports and that is multiplexed through
cyclic shifting on one comb, or a quantity of cyclic shift values that can be configured by using a
higher-layer parameter on one comb, and a value of Y is determined based on a configured
quantity of reference signal combs, and K is an integer greater than 1.

[00922] Alternatively, optionally, a value of the cyclic shift value may satisfy a €
{0,1,...,Y — 1}, where Y is a quantity M of Fourier transform points, M=2*, x is a positive integer,
and a value of M is determined based on a system bandwidth or a sounding bandwidth of the
reference signal.

[00923] Alternatively, optionally, a value of the cyclic shift value may satisfy a €
{0,1,..,Y — 1}, where Y is a quantity of subcarriers occupied by the first antenna port on one
OFDM symbol.

[00924] In some embodiments, when the first code domain offset is the first code domain
random number, a cyclic shift value «; thatis occupied by antenna port p; and that is determined
based on the first code domain random number A; may satisfy the following formula: «; = A, +
@ <<n§‘°‘Rs + %&;1000)) mod ngsl‘?rga)() : a; = ;—;Al + @ <<n§‘°‘Rs +
—ngggaxl\(]gpé;moo)> mod ng?{rgax> , o = ;—;Al + Zn% , or a;=A;+ 27‘[% . NEpe
represents a maximum cyclic shift value. ngys represents a cyclic shift reference value, ngyg €
{0,1,...,ngxa™ — 1}, and is semi-statically configured by the network device by using a higher-

layer parameter (for example, transmissionComb). For a meaning represented by ngSRg refer to

the corresponding descriptions of ng‘?fs in the foregoing "Third, cyclic shift value". Details are
not described herein again. NaS;)RS represents a quantity of antenna ports (refer to the foregoing
descriptions in “First, configuration information™), and Mz¢ is a length of a sequence. ngys may

. Offset
be replaced with n&&s + ngps
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[00925] Optionally, in the formula (1), ns may be replaced with nSe +n§§gffset, where

nS™e s the first code domain random number.

[00926] In some embodiments, when the first code domain offset is the second code domain

random number, a cyclic shift value «; thatisoccupied by antenna port p; and that is determined

based on the second code domain random number A, may satisfy the following formula: «; =

21 cs nggs (Pi—1000) Cs,max _ 2 21 cs

A2 + o <<"SRs Ty ) modnes | %= g e g\ Msms

nSSmax . 1000 2 ncs,i ncs,i

B CLI00) mod nGl™ ) L = Ay +2m R o @ = Ay + 2m . nSE
Nap Mzc Nsprs NsRs

represents a maximum cyclic shift value. ngys represents a cyclic shift reference value, ngig €

{0,1,...,n3e™ — 1}, and is semi-statically configured by the network device by using a higher-

layer parameter (for example, transmissionComb). For a meaning represented by ngis, refer to

the corresponding descriptions of ng;"s in the foregoing "Third, cyclic shift value". Details are

not described herein again. Na%RS represents a quantity of antenna ports (refer to the foregoing
descriptions in "First, configuration information™), and Mz is a length of a sequence.

[00927] Insome embodiments, when the first code domain offset includes the first code domain
random number and the second code domain random number, a cyclic shift value «; that is
occupied by an antenna port p; and that is determined based on a first code domain random

number A; and a second code domain random number A, may satisfy the following formula:

—_ 2n cs nggs. (pi=1000) cs,max _2m
a; = A1 + AZ + _ncs,max ((nSRS + T mod NgRrg , a; = M_ (Al + AZ) +
SRS ap zZC

cs,max cs,i
2n cs Nggs” (pi—1000) cs,max _ 2m NgRrs _
—=a (nSRS + s mod nggg == (A1 +A) +2m—gmx, OF a; =A; +
SRS ap zc Ngrs

cs,i

n . . - . .
Ay + 21— nepe represents a maximum cyclic shift value. ngsq represents a cyclic shift
SRS

reference value, nSys € {0,1, ..., nSpe™ — 1}, and is semi-statically configured by the network

device by using a higher-layer parameter (for example, transmissionComb). For a meaning

represented by ngSRg refer to the corresponding descriptions of ng;"s in the foregoing "Third,

cyclic shift value". Details are not described herein again. prRS represents a quantity of antenna
ports (refer to the foregoing descriptions in "First, configuration information™), and Myc is a
length of a sequence.

[00928] The following describes, with reference to Table 20, determining the cyclic shift value
of the first antenna port based on the first code domain random number and/or the second code

domain random number.
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[00929] The foregoing scenario 1 is used as an example. A cyclic shift value of each antenna
port (antenna port p, to antenna port p;) of UE 1 to UE 8 is determined based on the first code
domain random number and/or the second code domain random number. The cyclic shift value
(denoted by CS) of an antenna port of each UE may be shown in Table 20.

[00930] On frequency domain resource 1 and/or frequency domain resource 1, antenna ports of
UE 1, UE 2, UE 5, and UE 6 use CS 0 and CS 2. UE 1 is used as an example. The antenna ports
of UE 1 suffer interference from antenna ports of UE 5 and UE 6.

[00931] On frequency domain resource 2 and/or frequency domain resource 2, antenna ports of
UE 1, UE 2, UE 7, and UE 8 use CS 1 and CS 3, and the antenna ports of UE 1 suffer interference
from antenna ports of UE 7 and UE 8.

[00932] On frequency domain resource n and/or frequency domain resource n, the antenna ports
of UE 1, UE 2, UE 5,and UE 6 use CS 1 and CS 3, and the antenna ports of UE 1 suffer interference
from the antenna ports of UE 5 and UE 6.

[00933] It should be noted that, in Table 20, an example in which antenna port p, and antenna
port p, of each UE occupy and use one cyclic shift value, and antenna port p; and antenna port
ps use one cyclic shift value is used. For example, a cyclic shift value used by antenna port p,
and antenna port p, is a cyclic shift value with a smaller cyclic shift value index in two cyclic
shift values used by the UE, and a cyclic shift value used by antenna port p; and antenna port p;
Is a cyclic shift value with a larger cyclic shift value index in the two cyclic shift values used by
the UE. For ease of understanding, Table 20 shows the UEs, corresponding base sequences, and
corresponding cyclic shift values, but does not show the antenna ports.

[00934] Optionally, in Table 20, frequency domain resource 1 may be replaced with frequency
domain unit 1, subband 1, frequency hopping bandwidth 1, frequency hopping bandwidth 1, or the
like. Frequency domain resource 2 to frequency domain resource n are similar to frequency domain
resource 1, and details are not described one by one. Sending moment 1 may be replaced with
OFDM symbol 1, system frame number 1, slot number 1, time domain resource 1, or time unit 1.
Sending moment 2 to sending moment 4 are similar to sending moment 1, and details are not

described one by one.

Table 20
Sending moment 1 and/or frequency domain resource 1
Cell 1 UE1l: ,CSO UE2: r,CS0O UE3: n,CS1 UE4: r,CS1
and CS 2 and CS 2 and CS 3 and CS 3
Cell 2 UES5: r,,CSO UEG6: r,,CSO UE7: r,, CS1 UES8: ,,CS1
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and CS 2 and CS 2 and CS 3 and CS 3

Sending moment 2 and/or frequency domain resource 2

Cell1 UELl: r,,CS1 UE2: r,CS1 UE3: r,,CSO UE4: r,,CSO
and CS 3 and CS 3 and CS 2 and CS 2

Cell 2 UE5: r,,CSO UEG6: r,,CSO UET7: r,,CS1 UES8: r,,CS1
and CS 2 and CS 2 and CS 3 and CS 3

Sending moment n and/or frequency domain resource n

Cell 1 UELl: r,,CS1 UE2: r,CS1 UE3: r;,CSO UE4: r,,CSO
and CS 3 and CS 3 and CS 2 and CS 2

Cell 2 UES: r,,CS1 UEG6: r,,CS1 UET7: r,,CSO UES8: r,,CSO
and CS 3 and CS 3 and CS 2 and CS 2

[00935] In this way, cyclic shift values used by the antenna ports of UE 1 randomly change at

different sending moments and/or on different frequency domain resources, so that a UE that
causes interference to UE 1 randomly changes. UEs that cause interference to UE 1 at some
sending moments and/or on some frequency domain resources are UE 5 and UE 6. UEs that cause
interference to UE 1 at some sending moments and/or on some frequency domain resources are
UE 7 and UE 8. An antenna port that causes interference to the antenna port of UE 1 randomly
changes, to achieve the better interference randomization effect.

[00936]

the first antenna port of the terminal device is determined based on the first code domain offset, so

According to the communication method shown in FIG. 15, the cyclic shift value of

that the cyclic shift value of antenna port of the terminal device may randomly change at different
sending moments and/or on different frequency domain resources. In this way, an antenna port of
a terminal device that causes interference to the antenna port of the terminal device randomly
changes. Therefore, the interference randomization is implemented, and the better interference

randomization effect can be achieved.

[00937] For example, the method shown in FIG. 13, the method shown in FIG. 14, and the
method shown in FIG. 15 may be combined or separately used.
[00938] For example, the network device sends configuration information of a reference signal.

Correspondingly, the terminal device receives the configuration information of the reference signal.
The terminal device sends a reference signal via M antenna ports based on the configuration
information. Correspondingly, the network device receives the reference signal via the M antenna
ports based on the configuration information. A comb occupied by the first antenna port is

determined based on at least a first offset, a cyclic shift value of the first antenna port is determined
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based on at least a first code domain offset, and/or a start position of a frequency domain resource
occupied by the first antenna port is determined based on at least a fourth offset, for a specific
implementation, refer to the corresponding descriptions in FIG. 13, FIG. 14, and FIG. 15.
[00939] Inthisapplication, unless otherwise specified, for same or similar parts in embodiments,
refer to each other. In  embodiments of this application and the
implementations/methods/implementation methods in embodiments, unless otherwise specified or
a logical collision occurs, terms and/or descriptions are consistent and may be mutually referenced
between different embodiments and between the implementations/methods/implementation
methods in embodiments. Technical features in the different embodiments and the
implementations/methods/implementation methods in embodiments may be combined to form a
new embodiment, implementation, method, or implementation method based on an internal logical
relationship of the technical features. The following implementations of this application are not
intended to limit the protection scope of this application.

[00940] The communication methods provided in embodiments of this application are
described above in detail with reference to FIG. 5 to FIG. 15. The following describes in detail
communication apparatuses provided in embodiments of this application with reference to FIG.
16 and FIG. 17.

[00941] FIG. 16 isadiagram of a structure of a communication apparatus that can be configured
to perform an embodiment of this application.

[00942] The communication apparatus 1600 may be a terminal device or a network device; may
be a chip used in a network device or a terminal device; or may be another component having a
corresponding function. As shown in FIG. 16, the communication apparatus 1600 may include a
processor 1601. Optionally, the communication apparatus 1600 may further include one or both of
a memory 1602 and a transceiver 1603. The processor 1601 and the or both of the memory 1602
and the transceiver 1603 may be coupled, for example, may be connected through a
communication bus; or the processor 1601 may be used independently.

[00943] Various components of the communication apparatus 1600 are described specifically
with reference to FIG. 16.

[00944] The processor 1601 is a control center of the communication apparatus 1600, and may
be one processor or may be a collective name of a plurality of processing elements. For example,
the processor 1601 is one or more central processing units (central processing units, CPUs), may
be an application-specific integrated circuit (application-specific integrated circuit, ASIC), or may
be one or more integrated circuits configured to implement embodiments of this application, for
example, one or more microprocessors (digital signal processors, DSPs), or one or more field
programmable gate arrays (field programmable gate arrays, FPGAS).
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[00945] The processor 1601 may perform various functions of the communication apparatus
1600 by running or executing a software program stored in the memory 1602 and invoking data
stored in the memory 1602.

[00946] During specific implementation, in an embodiment, the processor 1601 may include
one or more CPUs, for example, a CPU 0 and a CPU 1 shown in FIG. 16.

[00947] During specific implementation, in an embodiment, the communication apparatus 1600
may alternatively include a plurality of processors, for example, the processor 1601 and a
processor 1604 shown in FIG. 16. Each of the processors may be a single-core processor (single-
CPU), or may be a multi-core processor (multi-CPU). The processor herein may be one or more
communication devices, circuits, and/or processing cores configured to process data (for example,
computer program instructions).

[00948] Optionally, the memory 1602 may be a read-only memory (read-only memory, ROM)
or another type of static storage communication device that can store static information and
instructions, or a random access memory (random access memory, RAM) or another type of
dynamic storage communication device that can store information and instructions, or may be an
electrically erasable programmable read-only memory (electrically erasable programmable read-
only memory, EEPROM), a compact disc read-only memory (compact disc read-only memory,
CD-ROM) or another compact disc storage, an optical disc storage (including a compressed optical
disc, a laser disc, an optical disc, a digital versatile disc, a Blu-ray disc, and the like), a magnetic
disk storage medium or another magnetic storage communication device, or any other medium
that can be used to carry or store expected program code in a form of instructions or a data structure
and that can be accessed by a computer. However, this is not limited thereto. The memory 1602
may be integrated with the processor 1601, or may exist independently, and is coupled to the
processor 1601 through an input/output port (not shown in FIG. 16) of the communication
apparatus 1600. This is not specifically limited in embodiments of this application.

[00949] For example, the input port may be configured to implement a receiving function
performed by the terminal device or the network device in any one of the foregoing method
embodiments, and the output port may be configured to implement a sending function performed
by the terminal device or the network device in any one of the foregoing method embodiments.
[00950] The memory 1602 may be configured to store a software program for performing the
solutions of this application, and the processor 1601 controls execution of the software program.
For a specific implementation, refer to the following method embodiments. Details are not
described herein again.

[00951] Optionally, the transceiver 1603 is configured to communicate with another

communication apparatus. For example, when the communication apparatus 1600 is a network
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device, the transceiver 1603 may be configured to communicate with a terminal device. For
another example, when the communication apparatus 1600 is a terminal device, the transceiver
1603 may be configured to communicate with a network device or the like.

[00952] In addition, the transceiver 1603 may include a receiver and a transmitter (not
separately shown in FIG. 16). The receiver is configured to implement a receiving function, and
the transmitter is configured to implement a sending function. The transceiver 1603 may be
integrated with the processor 1601, or may exist independently, and is coupled to the processor
1601 through the input/output port (not shown in FIG. 16) of the communication apparatus 1600.
This is not specifically limited in embodiments of this application.

[00953] It should be noted that a structure of the communication apparatus 1600 shown in FIG.
16 does not constitute a limitation on the communication apparatus. An actual communication
apparatus may include more or fewer components than those shown in the figure, combine some
components, or have different component arrangements.

[00954] The actions of the network device in FIG. 5 to FIG. 15 may be performed by the
processor 1601 in the communication apparatus 1600 shown in FIG. 16 by invoking application
program code stored in the memory 1602, to instruct the network device to perform the actions.
[00955] The actions of the terminal device in FIG. 5 to FIG. 15 may be performed by the
processor 1601 in the communication apparatus 1600 shown in FIG. 16 by invoking application
program code stored in the memory 1602, to instruct an application network element to perform
the actions. This is not limited in this embodiment.

[00956] When the communication apparatus is a network device, the communication apparatus
1600 may perform any one or more possible design manners related to the network device in the
foregoing method embodiments.

[00957] When the communication apparatus is a terminal device, the communication apparatus
1600 may perform any one or more possible design manners related to the terminal device in the
foregoing method embodiments.

[00958] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[00959] FIG. 17 is a diagram of a structure of another communication apparatus according to
an embodiment of this application. For ease of description, FIG. 17 shows only main components
of the communication apparatus.

[00960] The communication apparatus 1700 may include a sending module 1701 and a
receiving module 1702, and may further include a processing module 1703.

[00961] The communication apparatus 1700 may be the terminal device or the network device
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in the foregoing method embodiments. The sending module 1701 may also be referred to as a
sending unit and is configured to implement a sending function performed by the terminal device
or the network device in any one of the foregoing method embodiments. The receiving module
1702 may also be referred to as a receiving unit and is configured to implement a receiving function
performed by the terminal device or the network device in any one of the foregoing method
embodiments.

[00962] It should be noted that the sending module 1701 and the receiving module 1702 may
be separately disposed, or may be integrated into one module, namely, a transceiver module.
Specific implementations of the receiving module and the sending module are not specifically
limited in this application. The transceiver module may include a transceiver circuit, a transceiver
machine, a transceiver, or a communication interface.

[00963] Optionally, the communication apparatus 1700 may further include a storage module
(not shown in FIG. 17). The storage module stores a program or instructions. When the processing
module 1703 executes the program or the instructions, the communication apparatus 1700 is
enabled to perform the method in any one of the foregoing method embodiments.

[00964] The processing module 1703 may be configured to implement a processing function
performed by the terminal device or the network device in any one of the foregoing method
embodiments. The processing module 1703 may be a processor.

[00965] In this embodiment, the communication apparatus 1700 is presented in a form of
functional modules obtained through division in an integrated manner. The module herein may be
an ASIC, a circuit, a processor that executes one or more software or firmware programs, a memory,
an integrated logic circuit, and/or another component capable of providing the foregoing functions.
In a simple embodiment, a person skilled in the art may figure out that the communication
apparatus 1700 may be in a form of the communication apparatus 1600 shown in FIG. 16.
[00966] For example, the processor 1601 in the communication apparatus 1600 shown in FIG.
16 may invoke computer-executable instructions stored in the memory 1602, so that the
communication method in the foregoing method embodiments is performed.

[00967] Specifically, functions/implementation processes of the processing module 1703 and
the storage module in FIG. 17 may be implemented by a transceiver 1603 in the communication
apparatus 1600 shown in FIG. 16. Specifically, functions/implementation processes of the
processing module 1703 in FIG. 17 may be implemented by the processor 1601 in the
communication apparatus 1600 shown in FIG. 16 by invoking the computer-executable
instructions stored in the memory 1602.

[00968] The communication apparatus 1700 provided in this embodiment may perform the

foregoing communication method. Therefore, for technical effects that can be achieved by the
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communication apparatus 1700, refer to the foregoing method embodiments. Details are not
described herein again.

[00969] In a possible design solution, the communication apparatus 1700 shown in FIG. 17 is
applicable to the system shown in FIG. 1, and performs a function of the network device in the
communication method according to any one of the foregoing method embodiments.

[00970] The sending module 1701 is configured to send configuration information, where the
configuration information indicates a configuration of a reference signal.

[00971] The receiving module 1702 is configured to receive the reference signal via M antenna
ports based on the configuration information, where M is an integer greater than 0, the M antenna
ports include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, the first offset is an integer greater than 0, and the first offset is
determined based on at least a cell identifier and a time domain resource occupied by the first
antenna port; or the first offset is determined based on a cyclic shift value occupied by the first
antenna port.

[00972] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[00973] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[00974] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the network device in the
communication methods shown in FIG. 5 to FIG. 15.

[00975] It should be noted that the communication apparatus 1700 may be a network device, or
may be a chip (system) or another part or component that can be disposed in the network device.
This is not limited in this application.

[00976] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 5 to FIG. 15. Details are not
described herein again.

[00977] In another possible design solution, the communication apparatus 1700 shown in FIG.
17 is applicable to the system shown in FIG. 1, and performs a function of the terminal device in
the communication method according to any one of the foregoing method embodiments.

[00978] The receiving module 1702 is configured to receive configuration information, where
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the configuration information indicates a configuration of a reference signal.

[00979] The sending module 1701 is configured to send the reference signal via M antenna
ports based on the configuration information, where M is an integer greater than 0, the M antenna
ports include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, the first offset is an integer greater than 0, and the first offset is
determined based on at least a cell identifier and a time domain resource occupied by the first
antenna port; or the first offset is determined based on a cyclic shift value occupied by the first
antenna port.

[00980] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[00981] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[00982] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the terminal device in the
communication methods shown in FIG. 5 to FIG. 9.

[00983] It should be noted that the communication apparatus 1700 may be a terminal device, or
may be a chip (system) or another part or component that can be disposed in the terminal device.
This is not limited in this application.

[00984] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 5 to FIG. 9. Details are not
described herein again.

[00985] In a possible design solution, the communication apparatus 1700 shown in FIG. 17 is
applicable to the system shown in FIG. 1, and performs a function of the network device in the
communication method according to any one of the foregoing method embodiments.

[00986] The sending module 1701 is configured to send configuration information, where the
configuration information indicates a configuration of a reference signal.

[00987] The receiving module 1702 is configured to receive the reference signal via M antenna
ports based on the configuration information, where a start position of a frequency domain resource
occupied by each of the M antenna ports is determined based on at least a fourth offset, where the
fourth offset is an integer greater than 0, and the fourth offset is determined based on at least a cell
identifier and an index of a frequency hopping periodicity corresponding to the reference signal.
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[00988] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[00989] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[00990] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the network device in the
communication methods shown in FIG. 11 and FIG. 12.

[00991] It should be noted that the communication apparatus 1700 may be a network device, or
may be a chip (system) or another part or component that can be disposed in the network device.
This is not limited in this application.

[00992] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 11 and FIG. 12. Details are
not described herein again.

[00993] In another possible design solution, the communication apparatus 1700 shown in FIG.
17 is applicable to the system shown in FIG. 1, and performs a function of the terminal device in
the communication method according to any one of the foregoing method embodiments.

[00994] The receiving module 1702 is configured to receive configuration information, where
the configuration information indicates a configuration of a reference signal.

[00995] The sending module 1701 is configured to send the reference signal via M antenna
ports based on the configuration information, where a start position of a frequency domain resource
occupied by each of the M antenna ports is determined based on at least a fourth offset, where the
fourth offset is an integer greater than 0, and the fourth offset is determined based on at least a cell
identifier and an index of a frequency hopping periodicity corresponding to the reference signal.
[00996] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[00997] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[00998] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
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or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the terminal device in the
communication methods shown in FIG. 11 and FIG. 12.

[00999] It should be noted that the communication apparatus 1700 may be a terminal device, or
may be a chip (system) or another part or component that can be disposed in the terminal device.
This is not limited in this application.

[001000] In still another possible design solution, the communication apparatus 1700 shown in
FIG. 17 is applicable to the system shown in FIG. 1, and performs a function of the network device
in the communication method according to any one of the foregoing method embodiments.
[001001] The sending module 1701 is configured to send configuration information of a
reference signal.

[001002] The receiving module 1702 is configured to receive the reference signal via M antenna
ports based on the configuration information, where M is an integer greater than 0, the M antenna
ports include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, and the first offset is determined based on at least a time domain
resource occupied by the first antenna port and/or a frequency domain resource occupied by the
first antenna port.

[001003] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[001004] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[001005] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the network device in the
communication methods shown in FIG. 13 to FIG. 15.

[001006] It should be noted that the communication apparatus 1700 may be a network device, or
may be a chip (system) or another part or component that can be disposed in the network device.
This is not limited in this application.

[001007] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 13 to FIG. 15. Details are
not described herein again.

[001008] In still another possible design solution, the communication apparatus 1700 shown in
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FIG. 17 is applicable to the system shown in FIG. 1, and performs a function of the terminal device
in the communication method according to any one of the foregoing method embodiments.
[001009] The receiving module 1702 is configured to receive configuration information of a
reference signal.

[001010] The sending module 1701 is configured to send the reference signal via M antenna
ports based on the configuration information, where M is an integer greater than 0, the M antenna
ports include at least one first antenna port, a comb occupied by the first antenna port is determined
based on at least a first offset, and the first offset is determined based on at least a time domain
resource occupied by the first antenna port and/or a frequency domain resource occupied by the
first antenna port.

[001011] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[001012] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[001013] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the terminal device in the
communication methods shown in FIG. 13 and FIG. 15.

[001014] It should be noted that the communication apparatus 1700 may be a terminal device, or
may be a chip (system) or another part or component that can be disposed in the terminal device.
This is not limited in this application.

[001015] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 13 to FIG. 15. Details are
not described herein again.

[001016] In still another possible design solution, the communication apparatus 1700 shown in
FIG. 17 is applicable to the system shown in FIG. 1, and performs a function of the network device
in the communication method according to any one of the foregoing method embodiments.
[001017] The sending module 1701 is configured to send configuration information of a
reference signal.

[001018] The receiving module 1702 is configured to receive the reference signal via M antenna
ports based on the configuration information, where M is an integer greater than 0, the M antenna
ports include at least one first antenna port, a start position of a frequency domain resource
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occupied by the first antenna port is determined based on at least a fourth offset, and the fourth
offset is determined based on at least a time domain resource occupied by the first antenna port
and a pseudo-random sequence; or the fourth offset is determined based on one of a plurality of
ninth correspondences and a time domain resource occupied by the first antenna port, the ninth
correspondence includes a correspondence between at least one fourth offset and at least one time
domain resource, and the plurality of ninth correspondences correspond to a same frequency
scaling factor. It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.

[001019] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.

[001020] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the network device in the
communication methods shown in FIG. 13 to FIG. 15.

[001021] It should be noted that the communication apparatus 1700 may be a network device, or
may be a chip (system) or another part or component that can be disposed in the network device.
This is not limited in this application.

[001022] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 13 to FIG. 15. Details are
not described herein again.

[001023] In still another possible design solution, the communication apparatus 1700 shown in
FIG. 17 is applicable to the system shown in FIG. 1, and performs a function of the terminal device
in the communication method according to any one of the foregoing method embodiments.
[001024] The receiving module 1702 is configured to receive configuration information of a
reference signal.

[001025] The sending module 1701 is configured to send the reference signal via M antenna
ports based on the configuration information, where M is an integer greater than 0, the M antenna
ports include at least one first antenna port, a start position of a frequency domain resource
occupied by the first antenna port is determined based on at least a fourth offset, and the fourth
offset is determined based on at least a time domain resource occupied by the first antenna port
and a pseudo-random sequence; or the fourth offset is determined based on one of a plurality of
ninth correspondences and a time domain resource occupied by the first antenna port, the ninth
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correspondence includes a correspondence between at least one fourth offset and at least one time
domain resource, and the plurality of ninth correspondences correspond to a same frequency
scaling factor. It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.
[001026] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.
[001027] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the terminal device in the
communication methods shown in FIG. 13 and FIG. 15.
[001028] It should be noted that the communication apparatus 1700 may be a terminal device, or
may be a chip (system) or another part or component that can be disposed in the terminal device.
This is not limited in this application.
[001029] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 13 to FIG. 15. Details are
not described herein again.
[001030] In still another possible design solution, the communication apparatus 1700 shown in
FIG. 17 is applicable to the system shown in FIG. 1, and performs a function of the network device
in the communication method according to any one of the foregoing method embodiments.
[001031] The sending module 1701 is configured to send configuration information of a
reference signal.
[001032] The receiving module 1702 is configured to receive the reference signal via M antenna
ports based on the configuration information, where

M is an integer greater than O, the M antenna ports include at least one first antenna
port, a cyclic shift value of the first antenna port is determined based on at least a first code domain
offset, and the first code domain offset is determined based on at least a time domain resource
occupied by the first antenna port and/or a frequency domain resource occupied by the first antenna
port.
[001033] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.
[001034] It should be noted that the receiving module 1702 and the sending module 1701 may
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be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.
[001035] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the network device in the
communication methods shown in FIG. 13 to FIG. 15.
[001036] It should be noted that the communication apparatus 1700 may be a network device, or
may be a chip (system) or another part or component that can be disposed in the network device.
This is not limited in this application.
[001037] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 13 to FIG. 15. Details are
not described herein again.
[001038] In still another possible design solution, the communication apparatus 1700 shown in
FIG. 17 is applicable to the system shown in FIG. 1, and performs a function of the terminal device
in the communication method according to any one of the foregoing method embodiments.
[001039] The receiving module 1702 is configured to receive configuration information of a
reference signal.
[001040] The sending module 1701 is configured to send the reference signal via M antenna
ports based on the configuration information, where

M is an integer greater than 0, the M antenna ports include at least one first antenna
port, a cyclic shift value of the first antenna port is determined based on at least a first code domain
offset, and the first code domain offset is determined based on at least a time domain resource
occupied by the first antenna port and/or a frequency domain resource occupied by the first antenna
port.
[001041] It should be noted that all related content of the steps in the foregoing method
embodiments may be cited in function descriptions of corresponding functional modules. Details
are not described herein again.
[001042] It should be noted that the receiving module 1702 and the sending module 1701 may
be separately disposed, or may be integrated into one module, namely, a transceiver module. This
is not specifically limited in this application.
[001043] Optionally, the communication apparatus 1700 may further include a processing
module 1703 and a storage module (not shown in FIG. 17). The storage module stores a program
or instructions. When the processing module 1703 executes the program or the instructions, the
communication apparatus 1700 is enabled to perform a function of the terminal device in the
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communication methods shown in FIG. 13 and FIG. 15.

[001044] It should be noted that the communication apparatus 1700 may be a terminal device, or
may be a chip (system) or another part or component that can be disposed in the terminal device.
This is not limited in this application.

[001045] For technical effects of the communication apparatus 1700, refer to the technical effects
of the communication method in any possible implementation of FIG. 13 to FIG. 15. Details are
not described herein again.

[001046] An embodiment of this application provides a communication system. The
communication system includes a network device and a terminal device. A quantity of network
devices and a quantity of terminal devices are not limited.

[001047] The network device is configured to perform an action of the network device in the
foregoing method embodiments, and the terminal device is configured to perform an action of the
terminal device in the foregoing method embodiments. For a specific execution method and
process, refer to the foregoing method embodiments. Details are not described herein again.
[001048] An embodiment of this application provides a chip system. The chip system includes a
logic circuit and an input/output port. The logic circuit may be configured to implement a
processing function related to the communication method provided in embodiments of this
application, and the input/output port may be configured to implement sending and receiving
functions related to the communication method provided in embodiments of this application.
[001049] For example, the input port may be configured to implement a receiving function
related to the communication method provided in embodiments of this application, and the output
port may be configured to implement a sending function related to the communication method
provided in embodiments of this application.

[001050] For example, the processor in the communication apparatus 1600 may be configured
to perform, for example, but not limited to, baseband-related processing, and the transceiver in the
communication apparatus 1600 may be configured to perform, for example, but not limited to,
radio frequency receiving and sending. The foregoing components may be separately disposed on
chips that are independent of each other, or at least some or all of the components may be disposed
on a same chip. For example, the processor may further be divided into an analog baseband
processor and a digital baseband processor. The analog baseband processor and the transceiver
may be integrated on a same chip, and the digital baseband processor may be disposed on an
independent chip. With continuous development of integrated circuit technologies, more and more
components may be integrated on a same chip. For example, the digital baseband processor may
be integrated on a same chip with a plurality of application processors (for example, but not limited
to a geometric processor and a multimedia processor). The chip may be referred to as a system-
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on-chip (system on chip). Whether components are independently disposed on different chips or
are integrated and disposed on one or more chips usually depends on specific requirements of a
product design. Specific implementation forms of the components are not limited in embodiments
of the present invention.

[001051] In a possible design, the chip system further includes a memory, and the memory is
configured to store program instructions and data for implementing functions related to the
communication method provided in embodiments of this application.

[001052] The chip system may include a chip; or may include a chip and another discrete
component.

[001053] Anembodiment of this application provides a computer-readable storage medium. The
computer-readable storage medium stores a computer program or instructions. When the computer
program is run or the instructions are run on a computer, the communication method provided in
embodiments of this application is performed.

[001054] An embodiment of this application provides a computer program product. The
computer program product includes a computer program or instructions. When the computer
program is run or the instructions are run on a computer, the communication method provided in
embodiments of this application is performed.

[001055] It should be understood that the processor in embodiments of this application may be a
central processing unit (central processing unit, CPU). Alternatively, the processor may be another
general-purpose processor, a digital signal processor (digital signal processor, DSP), an
application-specific integrated circuit (application-specific integrated circuit, ASIC), a field
programmable gate array (field programmable gate array, FPGA) or another programmable logic
device, a discrete gate or a transistor logic device, a discrete hardware component, or the like. The
general-purpose processor may be a microprocessor, or the processor may be any conventional
processor, or the like.

[001056] It should be further understood that the memory in embodiments of this application
may be a volatile memory or a nonvolatile memory, or may include a volatile memory and a
nonvolatile memory. The nonvolatile memory may be a read-only memory (read-only memory,
ROM), a programmable read-only memory (programmable ROM, PROM), an erasable
programmable read-only memory (erasable PROM, EPROM), an electrically erasable
programmable read-only memory (electrically EPROM, EEPROM), or a flash memory. The
volatile memory may be a random access memory (random access memory, RAM) that is used as
an external cache. Through an example rather than a limitative description, random access
memories (random access memory, RAM) in many forms may be used, for example, a static

random access memory (static RAM, SRAM), a dynamic random access memory (dynamic
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random access memory, DRAM), a synchronous dynamic random access memory (synchronous
DRAM, SDRAM), a double data rate synchronous dynamic random access memory (double data
rate SDRAM, DDR SDRAM), an enhanced synchronous dynamic random access memory
(enhanced SDRAM, ESDRAM), a synchlink dynamic random access memory (synchlink DRAM,
SLDRAM), and a direct rambus random access memory (direct rambus RAM, DR RAM).
[001057] AIl or some of the foregoing embodiments may be implemented using software,
hardware (for example, circuit), firmware, or any combination thereof. When software is used for
implementing the embodiments, all or some of the foregoing embodiments may be implemented
in a form of a computer program product. The computer program product includes one or more
computer instructions or computer programs. When the computer instructions or the computer
programs are loaded and executed on the computer, the procedure or functions according to
embodiments of this application are all or partially generated. The computer may be a general-
purpose computer, a dedicated computer, a computer network, or other programmable apparatuses.
The computer instructions may be stored in a computer-readable storage medium or may be
transmitted from a computer-readable storage medium to another computer-readable storage
medium. For example, the computer instructions may be transmitted from a website, computer,
server, or data center to another website, computer, server, or data center in a wired (for example,
infrared, radio, and microwave, or the like) manner. The computer-readable storage medium may
be any usable medium accessible by a computer, or a data storage device, such as a server or a
data center, integrating one or more usable media. The usable medium may be a magnetic medium
(for example, a floppy disk, a hard disk, or a magnetic tape), an optical medium (for example, a
DVD), or a semiconductor medium. The semiconductor medium may be a solid-state drive.
[001058] It should be understood that the term "and/or" in this specification describes only an
association relationship between associated objects and represents that three relationships may
exist. For example, A and/or B may represent the following three cases: only A exists, both A and
B exist, and only B exists. A and B may be singular or plural. In addition, the character "/" in this
specification usually indicates an "or" relationship between the associated objects, but may also
indicate an "and/or" relationship. For details, refer to the context for understanding.

[001059] In this application, at least one means one or more, and a plurality of means two or
more. "At least one of the following items (pieces)" or a similar expression thereof means any
combination of these items, including a singular item (piece) or any combination of plural items
(pieces). For example, at least one of a, b, or ¢ may indicate: a, b, c, a-b, a-c, b-c, or a-b-c, where
a, b, and ¢ may be singular or plural.

[001060] It should be understood that, in embodiments of this application, sequence numbers of

the foregoing processes do not mean execution sequences. The execution sequences of the
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processes should be determined based on functions and internal logic of the processes, and should
not constitute any limitation on implementation processes of embodiments of this application.
[001061] A person of ordinary skill in the art may be aware that, in combination with the
examples described in embodiments disclosed in this specification, units and algorithm steps may
be implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware or software depends on particular
applications and design constraint conditions of the technical solutions. A person skilled in the art
may use different methods to implement the described functions for each particular application,
but it should not be considered that the implementation goes beyond the scope of this application.
[001062] A person skilled in the art may clearly understand that, for the purpose of convenient
and brief description, for detailed working processes of the foregoing system, apparatus, and unit,
refer to corresponding processes in the foregoing method embodiments. Details are not described
herein again.

[001063] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatus, and method may be implemented in other manners. For example,
the described apparatus embodiments are merely examples. For example, division into the units is
merely logical function division and may be other division in actual implementations. For example,
a plurality of units or components may be combined or integrated into another system, or some
features may be ignored or not performed. In addition, the displayed or discussed mutual couplings
or direct couplings or communication connections may be implemented through some interfaces.
The indirect couplings or communication connections between the apparatuses or units may be
implemented in electrical, mechanical, or other forms.

[001064] The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, in other words, may be located in one place,
or may be distributed on a plurality of network units. Some or all of the units may be selected
based on actual requirements to achieve the objectives of the solutions of embodiments.

[001065] In addition, functional units in embodiments of this application may be integrated into
one processing unit, each of the units may exist alone physically, or two or more units are
integrated into one unit.

[001066] When the functions are implemented in a form of a software functional unit and sold
or used as an independent product, the functions may be stored in a computer-readable storage
medium. Based on such an understanding, the technical solutions of this application essentially, or
the part contributing to the conventional technology, or some of the technical solutions may be
implemented in a form of a software product. The computer software product is stored in a storage

medium, and includes several instructions for instructing a computer device (which may be a
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personal computer, a server, or a network device) to perform all or some of the steps of the methods
described in embodiments of this application. The foregoing storage medium includes any medium
that can store program code, such as a USB flash drive, a removable hard disk, a read-only memory
(read-only memory, ROM), a random access memory (random access memory, RAM), a magnetic
disk, or an optical disc.

[001067] The foregoing descriptions are merely specific implementations of this application, but
are not intended to limit the protection scope of this application. Any variation or replacement
readily figured out by a person skilled in the art within the technical scope disclosed in this
application shall fall within the protection scope of this application. Therefore, the protection scope

of this application shall be subject to the protection scope of the claims.
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1. A communication method, comprising:

sending configuration information of a reference signal; and

receiving the reference signal via M antenna ports based on the configuration information,
wherein M is an integer greater than 0, the M antenna ports comprise at least one first antenna port,
a comb occupied by the first antenna port is determined based on at least a first offset, and the first
offset is determined based on at least a time domain resource occupied by the first antenna port
and/or a frequency domain resource occupied by the first antenna port.

2. A communication method, comprising:

receiving configuration information of a reference signal; and

sending the reference signal via M antenna ports based on the configuration information,
wherein M is an integer greater than 0, the M antenna ports comprise at least one first antenna port,
a comb occupied by the first antenna port is determined based on at least a first offset, and the first
offset is determined based on at least a time domain resource occupied by the first antenna port
and/or a frequency domain resource occupied by the first antenna port.

3. The communication method according to claim 1 or 2, wherein the first offset comprises a
first random number and/or a fifth random number, the first random number is determined based
on at least the time domain resource occupied by the first antenna port, and the fifth random
number is determined based on at least the frequency domain resource occupied by the first
antenna port.

4. The communication method according to claim 3, wherein that the first random number is
determined based on at least the time domain resource occupied by the first antenna port comprises:
the first random number is determined based on one of a plurality of first correspondences and the
time domain resource occupied by the first antenna port, and the first correspondence comprises a
correspondence between at least one first random number and at least one time domain resource.

5. The communication method according to claim 4, wherein one frequency hopping
periodicity comprises at least one time of reference signal sending, and the correspondence
between at least one first random number and at least one time domain resource comprises: a
correspondence between the at least one first random number and a relative number of the at least
one time of reference signal sending in the frequency hopping periodicity.

6. The communication method according to claim 4, wherein the correspondence between at
least one first random number and at least one time domain resource comprises: a correspondence
between the at least one first random number and an index of at least one frequency hopping

periodicity.
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7. The communication method according to claim 3, wherein that the first random number is
determined based on at least the time domain resource occupied by the first antenna port comprises:

the first random number is determined based on the time domain resource occupied by the
first antenna port and a pseudo-random sequence.

8. The communication method according to claim 7, wherein the first random number is
further determined based on one or more of the following parameters: a quantity of slots comprised
in each system frame, a quantity of OFDM symbols comprised in each slot, a comb quantity, and
a comb offset, wherein the comb quantity is a quantity of combs comprised in a transmit bandwidth
of the reference signal, and the comb offset is a reference quantity of combs occupied by the
reference signal.

9. The communication method according to claim 7 or 8, wherein the first random number

satisfies:
01 = (X7 c(8(nf1vsf{§gnezv;;$§b + ngfzvg;g’gb + 1o+ ') +m) - 2™)mod Krc;
Q1 = (Zheoc(BMENS, + 1o + 1) +m) - 2™)mod Kr¢;

sym

Q1 = Sheo c(B(p NSNSy, + N NSO, + 1o + ') +m) - 2™; or

slot sym sym

Q1 = Tz c(B(meNSyomy + Lo + 1) +m) - 2™,
wherein Q, represents the first random number, a mathematical symbol Y i} represents
summation, a mathematical symbol mod represents a modulo operation, c() is the pseudo-

random sequence, n, represents a system frame number corresponding to the first antenna port,

Nframe represents the quantity of slots in each system frame, NSS}I,‘I’IEb represents the quantity of

OFDM symbols in each slot, nf’f represents a slot number corresponding to the first antenna port,

[, represents an index of a start OFDM symbol in one or more OFDM symbols comprised in the
time domain resource occupied by the first antenna port, I’ represents a relative index of one
OFDM symbol in the one or more OFDM symbols comprised in the time domain resource
occupied by the first antenna port, and Kyc represents the comb quantity.

10. The communication method according to any one of claims 3 to 9, wherein that the fifth
random number is determined based on at least the frequency domain resource occupied by the
first antenna port comprises: the fifth random number is determined based on one of a plurality of
second correspondences and the frequency domain resource occupied by the first antenna port,
and the second correspondence comprises a correspondence between at least one fifth random
number and at least one frequency domain resource.

11. The communication method according to any one of claims 3 to 9, wherein that the fifth
random number is determined based on at least the frequency domain resource occupied by the
first antenna port comprises:

156



10

15

20

25

30

35

the fifth random number is determined based on the frequency domain resource occupied by
the first antenna port and a pseudo-random sequence.

12. The communication method according to claim 11, wherein the fifth random number
satisfies:

Q; = X7 _oc(8k + m) - 2™)mod Kr; or

Q3 = 277n=0 c(8k +m) - 2™,

wherein Q5 represents the fifth random number, the mathematical symbol Y i} represents
summation, the mathematical symbol mod represents a modulo operation, c¢() is the pseudo-
random sequence, k represents an index of a frequency hopping bandwidth and/or an index of a
transmit bandwidth that correspond/corresponds to the frequency domain resource occupied by
the first antenna port, and K. represents the comb quantity.

13. The communication method according to any one of claims 1 to 12, wherein the time
domain resource occupied by the first antenna port comprises one or more orthogonal frequency
division multiplexing OFDM symbols, and the one or more OFDM symbols comprised in the time
domain resource occupied by the first antenna port are determined based on one or more of the
following parameters: a system frame number corresponding to the first antenna port, a slot
number corresponding to the first antenna port, and an OFDM symbol number corresponding to
the first antenna port.

14. The communication method according to any one of claims 1 to 13, wherein the frequency
domain resource occupied by the first antenna port comprises one or more sub-bandwidths, and
the one or more sub-bandwidths comprised in the frequency domain resource occupied by the first
antenna port are determined based on one or more of the following parameters: the index of the
frequency hopping bandwidth corresponding to the first antenna port, and the index of the transmit
bandwidth corresponding to the first antenna port.

15. The communication method according to any one of claims 1 to 14, wherein the M
antenna ports further comprise at least one second antenna port, a comb occupied by the second
antenna port is determined based on at least a second offset, the second offset is determined based
on at least a time domain resource occupied by the second antenna port and/or a frequency domain
resource occupied by the second antenna port, and the second offset is different from the first offset.

16. The communication method according to claim 15, wherein the second offset comprises
a second random number and/or a sixth random number, the second random number is determined
based on at least the time domain resource occupied by the second antenna port, and the sixth
random number is determined based on at least the frequency domain resource occupied by the
second antenna port.

17. The communication method according to claim 16, wherein that the second random
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number is determined based on at least the time domain resource occupied by the second antenna
port comprises: the second random number is determined based on one of a plurality of third
correspondences and the time domain resource occupied by the second antenna port, and the third
correspondence comprises a correspondence between at least one second random number and at
least one time domain resource.

18. The communication method according to claim 17, wherein one frequency hopping
periodicity comprises at least one time of reference signal sending, and the correspondence
between at least one second random number and at least one time domain resource comprises: a
correspondence between the at least one second random number and a relative number of the at
least one time of reference signal sending in the frequency hopping periodicity.

19. The communication method according to claim 17, wherein the correspondence between
at least one second random number and at least one time domain resource comprises: a
correspondence between the at least one second random number and an index of at least one
frequency hopping periodicity.

20. The communication method according to claim 13, wherein that the second random
number is determined based on at least the time domain resource occupied by the second antenna
port comprises:

the second random number is determined based on the time domain resource occupied by the
second antenna port and a pseudo-random sequence.

21. The communication method according to claim 20, wherein the second random number
is further determined based on one or more of the following parameters: the quantity of the slots
comprised in each system frame, the quantity of the OFDM symbols comprised in each slot, the
comb quantity, and the comb offset, wherein the comb quantity is the quantity of the combs
comprised in the transmit bandwidth of the reference signal, and the comb offset is the reference
quantity of the combs occupied by the reference signal.

22. The communication method according to claim 20 or 21, wherein the second random
number satisfies:

Q2 = (Bm=o c(B(nyNGAMeNSOL, + nb N3G + 1p + 1) + m + 1) - 2™)mod Kr;

Q2 = (Bm=oc(BMENSM, + 1o + 1) +m + 1) - 2™)mod Kr¢;

Q2 = Xin=0 By Nsiot" Noymp + g Neymp + Lo + 1) +m +1) - 2 or

Q2 = Ymeo (B NS, + 1o + 1) +m + 1) - 2™,

sym
wherein Q, represents the second random number, the mathematical symbol i
represents summation, the mathematical symbol mod represents a modulo operation, c() is the

pseudo-random sequence, n, represents a system frame number corresponding to the second
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antenna port, NIa™e represents the quantity of the slots in each system frame, stl,?rfb represents

slot

the quantity of the OFDM symbols in each slot, ngf represents a slot number corresponding to

the second antenna port, [, represents an index of a start OFDM symbol in one or more OFDM
symbols comprised in the time domain resource occupied by the second antenna port, [’
represents a relative index of one OFDM symbol in the one or more OFDM symbols comprised in
the time domain resource occupied by the second antenna port, and Kyc represents the comb
quantity.

23. The communication method according to any one of claims 16 to 22, wherein that the
sixth random number is determined based on at least the frequency domain resource occupied by
the second antenna port comprises:

the sixth random number is determined based on one of a plurality of fourth correspondences
and the frequency domain resource occupied by the second antenna port, and the fourth
correspondence comprises a correspondence between at least one sixth random number and at least
one frequency domain resource.

24. The communication method according to any one of claims 16 to 22, wherein that the
sixth random number is determined based on at least the frequency domain resource occupied by
the second antenna port comprises:

the sixth random number is determined based on the frequency domain resource occupied by
the second antenna port and a pseudo-random sequence.

25. The communication method according to claim 24, wherein the sixth random number
satisfies:

Qs = X7 _oc(8k + m) - 2™)mod Kr; or

Q4 = Y=o c(8k +m)- 2™,

wherein Q, represents the sixth random number, the mathematical symbol Y i} represents
summation, the mathematical symbol mod represents a modulo operation, c¢() is the pseudo-
random sequence, k represents an index of a frequency hopping bandwidth and/or an index of a
transmit bandwidth that correspond/corresponds to the frequency domain resource occupied by
the second antenna port, and K. represents the comb quantity.

26. The communication method according to claim 15, wherein the second offset is a sum of
the first offset and a third offset, and the third offset is an integer greater than 0.

27. The communication method according to claim 26, wherein the third offset is determined
based on at least the time domain resource occupied by the second antenna port and/or the
frequency domain resource occupied by the second antenna port.

28. The communication method according to claim 27, wherein the third offset comprises a
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third random number and/or a seventh random number, the third random number is determined
based on at least the time domain resource occupied by the second antenna port, and the seventh
random number is determined based on at least the frequency domain resource occupied by the
second antenna port.

29. The communication method according to claim 28, wherein that the third random number
is determined based on at least the time domain resource occupied by the second antenna port
comprises: the third random number is determined based on one of a plurality of fifth
correspondences and the time domain resource occupied by the second antenna port, and the fifth
correspondence comprises a correspondence between at least one third random number and at least
one time domain resource.

30. The communication method according to claim 29, wherein one frequency hopping
periodicity comprises at least one time of reference signal sending, and the correspondence
between at least one third random number and at least one time domain resource comprises: a
correspondence between the at least one third random number and a relative number of the at least
one time of reference signal sending in the frequency hopping periodicity.

31. The communication method according to claim 29, wherein the correspondence between
at least one third random number and at least one time domain resource comprises: a
correspondence between the at least one third random number and an index of at least one
frequency hopping periodicity.

32. The communication method according to claim 23, wherein that the third random number
is determined based on at least the time domain resource occupied by the second antenna port
comprises:

the third random number is determined based on the time domain resource occupied by the
second antenna port and a pseudo-random sequence.

33. The communication method according to claim 32, wherein the third random number is
further determined based on one or more of the following parameters: the quantity of the slots
comprised in each system frame, the quantity of the OFDM symbols comprised in each slot, the
comb quantity, and the comb offset, wherein the comb quantity is the quantity of the combs
comprised in the transmit bandwidth of the reference signal, and the comb offset is the reference
quantity of the combs occupied by the reference signal.

34. The communication method according to claim 32 or 33, wherein the third random

number satisfies:

A = (Xm0 c(Bny NGEMNSox, + nb NSO + 1o + 1) + m + 1) - 2™)mod (Kr¢/2);

slot sym sym

A = (7m0 c(BMENSo, + 1o+ 1)) +m + 1) - 2™)mod (Krc/2);

sym
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A = (Xm0 c(Bny NFE NS ox, + nk NSO + 1o + 1) +m) - 2™)mod (Kr¢/2); or

slot sym sym

A = (Xm0 c(BMENSoN, + o + 1)) +m) - 2™)mod (Krc/2),

sym
wherein A represents the third random number, the mathematical symbol Y i} represents
summation, the mathematical symbol mod represents a modulo operation, c() is the pseudo-

random sequence, ny represents the system frame number corresponding to the second antenna

frame

port, Nggor © represents the quantity of the slots comprised in each system frame, NSS;‘I’IEb

represents the quantity of the OFDM symbols comprised in each slot, ngf represents the slot

number corresponding to the second antenna port, [, represents the index of the start OFDM
symbol in the one or more OFDM symbols comprised in the time domain resource occupied by
the second antenna port, I’ represents the relative index of the OFDM symbol in the one or more
OFDM symbols comprised in the time domain resource occupied by the second antenna port, and
K1c represents the comb quantity.

35. The communication method according to any one of claims 28 to 34, wherein that the
seventh random number is determined based on at least the frequency domain resource occupied
by the second antenna port comprises: the seventh random number is determined based on one of
a plurality of sixth correspondences and the frequency domain resource occupied by the second
antenna port, and the sixth correspondence comprises a correspondence between at least one
seventh random number and at least one frequency domain resource.

36. The communication method according to any one of claims 28 to 34, wherein that the
seventh random number is determined based on at least the frequency domain resource occupied
by the second antenna port comprises:

the seventh random number is determined based on the frequency domain resource occupied
by the second antenna port and a pseudo-random sequence.

37. The communication method according to claim 36, wherein the seventh random number
satisfies:

A =CQ7 _oc(8k+m+1)-2™)mod (Kpc/2); or

Ay = (Bh=o c(8k +m) - 2™)mod (K1¢/2),

wherein 4, represents the seventh random number, the mathematical symbol Y i
represents summation, c() is the pseudo-random sequence, the mathematical symbol mod
represents a modulo operation, k represents an index of a frequency hopping bandwidth and/or
an index of a transmit bandwidth that correspond/corresponds to the frequency domain resource
occupied by the second antenna port, and K¢ represents the comb quantity.

38. The communication method according to any one of claims 15 to 37, wherein the time

domain resource occupied by the second antenna port comprises the one or more OFDM symbols,

161



10

15

20

and the one or more OFDM symbols comprised in the time domain resource occupied by the
second antenna port are determined based on one or more of the following parameters: the system
frame number corresponding to the second antenna port, the slot number corresponding to the
second antenna port, and an OFDM symbol number corresponding to the second antenna port.

39. The communication method according to any one of claims 15 to 38, wherein the
frequency domain resource occupied by the second antenna port comprises one or more sub-
bandwidths, and the one or more sub-bandwidths comprised in the frequency domain resource
occupied by the second antenna port are determined based on one or more of the following
parameters: the index of the frequency hopping bandwidth corresponding to the second antenna
port, and the index of the transmit bandwidth corresponding to the second antenna port.

40. A communication apparatus, wherein the communication apparatus comprises a unit or a
module configured to perform the method according to any one of claims 1 to 39.

41. Acommunication apparatus, wherein the communication apparatus comprises a processor,
and the processor is configured to perform the communication method according to any one of
claims 1 to 39.

42. A computer-readable storage medium, wherein the computer-readable storage medium
stores a computer program or instructions; and when the computer program is run or the
instructions are run on a computer, the communication method according to any one of claims 1
to 39 is performed.

43. A computer program product, wherein the computer program product comprises a
computer program or instructions; and when the computer program is run or the instructions are

run on a computer, the communication method according to any one of claims 1 to 39 is performed.
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