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ABSTRACT

Embodiments of the present invention provide a data transmission method, a terminal
device, and a base station. The data transmission method includes: determining, by a terminal
device, a first reference signal (RS) sequence corresponding to a first time interval, where the
first RS sequence 1s one of N RS sequences, N 1s a positive integer greater than 1, and the N
RS sequences are generated based on at least two root sequences; sending, by the terminal
device, the first RS sequence to a base station 1n the first time interval; determining, by the
terminal device from the N RS sequences according to the first RS sequence, one RS
sequence as a second RS sequence corresponding to a second time interval, where the second
RS sequence 1s determined according to the first RS sequence; and sending, by the terminal

device, the second RS sequence to the base station in the second time interval.

32



10

15

20

25

CA 02998744 2018-03-15

DATA TRANSMISSION METHOD, TERMINAL DEVICE, AND
BASE STATION

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to the wireless communications field,

and more specifically, to a data transmission method, a terminal device, and a base station.

BACKGROUND

[0002] In a 3GPP (3rd Generation Partnership Project, 3rd Generation Partnership
Project) LTE (Long Term Evolution, Long Term Evolution)/LTE-A (LTE-advanced,
LTE-Advanced) system, an OFDMA (Orthogonal Frequency Division Multiple Access,
orthogonal frequency division multiple access) manner is generally used as a downlink
multiple access manner. A downlink resource of the system is divided into subframes in a time
domain, and 1s divided into subcarriers in a frequency domain. In a current LTE system,
duration of one subframe is 1 millisecond (ms), and each subframe is further divided into two
slots (slot) of 0.5 ms. For a normal cyclic prefix (normal cyclic prefix, normal CP), each slot
consists of seven orthogonal frequency division multiplexing (Orthogonal Frequency Division
Multiplexing, OFDM) symbols. For an extended cyclic prefix (Extended cyclic prefix,
extended CP), each slot consists of six OFDM symbols. The OFDM symbol is hereinafter
referred to as a symbol.

[0003] Generally, a base station may perform uplink channel estimation by using a

reference signal such as a demodulation reference signal (Demodulation Reference Signal,

DMRS). The DMRS exists on a physical uplink shared channel (Physical Uplink Shared
Channel, PUSCH) and a physical uplink control channel (Physical Uplink Control Channel,
PUCCH). A time domain location of the DMRS on the PUSCH is the fourth symbol, from the
bottom, of each slot, and a frequency domain location is consistent with bandwidth allocated
to a user. A location on the PUCCH varies with a PUCCH transmission format.

[0004] In future communication, there is a quite high requirement for a quantity of user
connections, and frequently sending a small data packet poses a challenge to a control channel

capacity. As shown in FIG. 1, in order to reduce resources occupied by control signaling,
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“system bandwidth/frequency domain resources are divided into two parts. One part is a

scheduling area, and the other part 1s a competitive data transmission area without control
channel scheduling. Using an uplink PUSCH as an example, a base station designates some

terminal devices to send control signaling in the competitive transmission area, and the base
station receives data by means of blind detection.

[0005] Because there 1s no indication of the control signaling in the competitive data
transmission area, the terminal device can be associated only with a DMRS. If DMRSs
associated with two terminal devices are the same and sent at the same time, the base station
cannot correctly obtain channels of the two terminal devices by using the DMRSs. This
causes a severe decrease 1n detection performance.

[0006] An uplhink DMRS pilot sequence in an existing LTE system 1s a Zadoff-Chu
(Zadoft-Chu) sequence. A plurality of DMRS sequences are generated by using different
shifts of one root sequence, and each DMRS sequence corresponds to one terminal device in
one time interval. In the existing system, to ensure orthogonality between different uplink
DMRS sequences, a maximum of eight shifts are used in the Zadoff-Chu sequence. That is, in
an existing communication mechanism, a maximum of eight users can be allowed to send
uplink data in the competitive data transmission area in a same time interval. This is far from

meeting a requirement for connections of a plurality of users.

SUMMARY

[0007] Embodiments of the present invention provide a data transmission method, a
terminal device, and a base station, so as to resolve a problem that only a limited quantity of
users can send uplink data by using an existing communication mechanism.

[0008] A first aspect of the present invention provides a data transmission method,
including: determining, by a terminal device, a first reference signal (RS) sequence
corresponding to a first time interval, where the first RS sequence is one of N RS sequences,
N 1s a positive integer greater than 1, and the N RS sequences are generated based on at least
two root sequences; sending, by the terminal device, the first RS sequence to a base station in
the first time interval; determining, by the terminal device from the N RS sequences according
to the first RS sequence, one RS sequence as a second RS sequence corresponding to a second
time interval, where the second RS sequence is determined according to the first RS sequence;
and sending, by the terminal device, the second RS sequence to the base station in the second

time 1nterval.
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- [0009] A second aspect of the present invention provides a data transmission method,

including: receiving, by a base station, a first reference signal (RS) sequence in a first time
interval, where the first RS sequence is one of N RS sequences, N is a positive integer, and
the N RS sequences are generated based on at least two root sequences; determining, by the
base station according to the first time interval, that the received first RS sequence is sent by a
first terminal device; receiving, by the base station, a second RS sequence in a second time
interval, where the second RS sequence is one of the N RS sequences, and the second RS
sequence 1s determined according to the first RS sequence; and determining, by the base
station according to the second time interval, that the received second RS sequence is sent by
the first terminal device.

[0010] A third aspect of the present invention provides a terminal device, including: a
processing unit, configured to determine a first reference signal (RS) sequence corresponding
to a first time interval, where the first RS sequence is one of N RS sequences, N is a positive
integer greater than 1, and the N RS sequences are generated based on at least two root
sequences; and a sending unit, configured to send the first RS sequence to a base station in the
first time interval, where the processing unit is further configured to determine, from the N RS
sequences according to the first RS sequence, one RS sequence as a second RS sequence
corresponding to a second time interval, where the second RS sequence is determined
according to the first RS sequence; and the sending unit is further configured to send the
second RS sequence to the base station in the second time interval.

[0011] A fourth aspect of the present invention provides a base station, including: a
recelving unit, configured to receive a first reference signal (RS) sequence in a first time
interval, where the first RS sequence is one of N RS sequences, N is a positive integer, and
the N RS sequences are generated based on at least two root sequences; and a processing unit,
configured to determine, according to the first time interval, that the received first RS
sequence 1s sent by a first terminal device, where the receiving unit is further configured to
rece1ve a second RS sequence in a second time interval, where the second RS sequence is one
of the N RS sequences, and the second RS sequence is determined according to the first RS
sequence; and the processing unit is further configured to determine, according to the second
time interval, that the received second RS sequence is sent by the first terminal device.

[0012] In the embodiments of the present invention, a plurality of RS sequences based on
ditferent root sequences are introduced, so that a requirement for connections of a plurality of

users 1s met.
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BRIEF DESCRIPTION OF DRAWINGS

[0013] To describe the technical solutions in the embodiments of the present invention
more clearly, the following briefly describes the accompanying drawings required for
describing the embodiments or the prior art. Apparently, the accompanying drawings 1n the
following description show merely some embodiments of the present invention, and a person
of ordinary skill in the art may still derive other drawings from these accompanying drawings
without creative efforts.

[0014] FIG. 1 is a schematic diagram of a competitive transmission mode;

[0015] FIG. 2 1s a schematic diagram of a communications system according to an
embodiment of the present invention;

[0016] FIG. 3 1s a schematic flowchart of a data transmission method according to an
embodiment of the present invention;

[0017] FIG. 4 1s a schematic diagram of an RS sequence algorithm according to an
embodiment of the present invention;

[0018] FIG. 5 1s a schematic flowchart of a data transmission method according to another
embodiment of the present invention;

[0019] F1G. 6 1s a schematic structural diagram of a terminal device according to an
embodiment of the present invention;

[0020] FIG. 7 1s a schematic structural diagram of a terminal device according to another
embodiment of the present invention;

[0021] FIG. 8 1s a schematic structural diagram of a base station according to an
embodiment of the present invention; and

[(0022] FIG. 9 1s a schematic structural diagram of a base station according to another

embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0023] The following clearly and completely describes the technical solutions in the
embodiments of the present invention with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the described embodiments are some but
not all of the embodiments of the present invention. All other embodiments obtained by a
person of ordinary skill in the art based on the embodiments of the present invention without

creative efforts shall fall within the protection scope of the present invention.
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- [0024] The technical solutions of the present invention may be applied to various

communications systems, such as a GSM system, a Code Division Multiple Access (CDMA,
Code Division Multiple Access) system, a Wideband Code Division Multiple Access
(WCDMA, Wideband Code Division Multiple Access Wireless) system, a general packet
radio service (GPRS, General Packet Radio Service) system, and a Long Term Evolution
(LTE, Long Term Evolution) system.

(0025] FIG. 2 is a schematic diagram of a communications system according to an
embodiment of the present invention. As shown in FIG. 2, the communications system 200
includes a base station 210, and terminal devices 220-1, 220-2, ..., and 220-/, where / 1s a
positive integer.

[0026] A terminal device (TD, Terminal Device) may be any one of the terminal devices
220-1, 220-2, ..., or 220-/, and 1s also referred to as user equipment (UE, User Equipment) or
may be referred to as a mobile terminal (Mobile Terminal), mobile user equipment, or the
like. The terminal device may communicate with one or more core networks by using the base
station 210 and by using a radio access network (for example, RAN, Radio Access Network).
[0027] The terminal device 220-1, 220-2, ..., or 220-/ may be a mobile terminal such as a
mobile phone (or referred to as a "cellular" phone), or a computer having a mobile terminal.
For example, the terminal device may be a portable, pocket-sized, handheld, computer built-in
or in-vehicle mobile apparatus, and exchanges voice and/or data with the radio access
network.

[0028] The base station 220 may be a base transceiver station (BTS, Base Transceiver
Station) 1n GSM or CDMA, or may be a NodeB (NodeB) in WCDMA, or may be an evolved
NodeB (eNB or e-NodeB, evolutional Node B) in LTE. This 1s not limited in the present
invention.

[0029] FIG. 3 1s a schematic flowchart of a data transmission method according to an
embodiment of the present invention. The method in FIG. 3 may be executed by a terminal
device.

[0030] Step 310: The terminal device determines a first reference signal (RS) sequence
corresponding to a first time interval, where the first RS sequence is one of N RS sequences,
N 1s a positive integer, and the N RS sequences are generated based on at least two root
sequences.

[0031] Optionally, the RS sequence may be a demodulation reference signal (DMRS,

Demodulation Reference Signal) sequence, or may be another reference signal.
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~[0032]  Optionally, the N RS sequences correspond to a same cell, and the cell is a current

serving cell of the terminal device. For example, a base station of the cell may communicate
with a plurality of terminal devices, and when all terminal devices in the cell need to send an
RS sequence to the base station, all the terminal devices use an RS sequence in the N RS
sequences.

[0033] Optionally, in an embodiment, the terminal device may directly receive the N RS
sequences sent by the base station.

[0034] Optionally, in another embodiment, the terminal device may receive the at least
two root sequences sent by the base station, and then generate the N RS sequences according
to the at least two root sequences.

[0035] Optionally, a root sequence used for an uplink RS sequence 1s a Zadoff-Chu (ZC,
Zadoff-Chu) sequence.

[0036] Optionally, each ZC sequence whose root is ¥ may be calculated according to the

following formula:

mun{n+1)

xu(n):euj Yo 0<n< N, -

1 (1), where

2¢ 1s a sequence length, ¥ 1s a sequence root, and u 1s a positive integer.

x (n) . . .
“( ) 1s an element, of the sequence, whose index i1s n. For example, Ny =31, and u=5. An

_Sm(14])

. . .ox(D=e il
; an ¢lement whose index 1s 1 1s “ ;

X, (0) =1

element whose index 1s 0 1s
and so on.
[0037] It 1s assumed that the base station schedules X resource blocks (RB, Resource

Block) for a user, to transmit a PUSCH, and one RB includes Y subcarriers. Therefore, one
RS sequence occupies X*Y subcarriers, that 1s, a length of the RS sequence is X*Y.

[0033] When an RS sequence i1s calculated by using the formula (1), for the RS sequence
with the length ot X*Y, Nzc may be defined as a maximum prime less than X*Y. A ZC

sequence with a length of Nzc may be calculated according to the formula (1), and then the
RS sequence with the length of X*Y is obtained by cyclic extension.

[0039] In an embodiment, a manner of generating N RS sequences by using at least two
root sequences 1S shown in FIG. 4. N; RS sequences may be generated based on a root
sequence 1 by means of a cyclic shift, where the first RS sequence is generated based on the
root sequence [ by shifting X, the second RS sequence is generated based on the root

sequence 1 by means of a cyclic shift of X;+Py, ..., and by analogy, an N;™ RS sequence 1s
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“generated based on the root sequence 1 by means of a cyclic shift of X1+(N—1)*P;. X; is an

integer greater than or equal to 0, and P; and N; are positive integers. Similarly, Ny RS
sequences may be generated based on a root sequence 2, where the first RS sequence is

generated based on the root sequence 2 by means of a cyclic shift of X5, the second RS
sequence 1s generated based on the root sequence 2 by means of a cyclic shift of X;+P,, ...,
and by analogy, an N>,™ RS sequence is generated based on the root sequence 2 by means of a
cyclic shift of X;+N,*P5. X, 1s an integer greater than or equal to 0, and P, and N are positive
integers. Likewise, if the N RS sequences are generated based on K root sequences, Nx RS
sequences may be generated based on a root sequence K. The first RS sequence is generated
based on the root sequence K by means of a cyclic shift of Xk, the second RS sequence is
generated based on the root sequence K by means of a cyclic shift of Xg+Pg, ..., and by
analogy, an N,™ RS sequence is generated based on the root sequence 2 by means of a cyclic
shift of Xg+Ng*Pk. Xk 1s an integer greater than or equal to 0, K, Pk, and Nk are positive
integers, and N 1s a sum of N, N», ..., and Ny.

[0040] It should be noted that, in this embodiment of the present invention, a cyclic shift
for a sequence means sequentially shifting elements in the sequence left or right. When an
element 1s shifted to an end, repeated cycling is performed. For example, if a sequence is {1,
2, 3,44, a sequence {3, 4, 1, 2} may be obtained based on the sequence by means of a cyclic
shift of 2; and so on.

[0041] Optionally, the N RS sequences correspond to N index numbers. As shown in FIG.
3, the N RS sequences may respectively correspond to index numbers 1 to N. It should be
noted that, different from a shift for a root sequence, a shift of k for an index number means
adding k to the index number, where k is a positive integer.

[0042] Therefore, the terminal device may obtain the N RS sequences that are generated
based on the at least two root sequences, and each RS sequence corresponds to one index

number. A plurality of root sequences are introduced, so that the following problem is

resolved: Only a limited quantity of terminal devices can transmit data in a competitive data
transmission area because each root sequence can correspond only to a limited quantity of RS
sequences (for example, eight sequences).

[0043] Step 320: The terminal device sends the first RS sequence to a base station in the
first time interval. The first time interval is further described in step 340.

[0044] Optionally, the obtaining, by the terminal device, a first RS sequence
corresponding to a first time interval specifically includes: receiving, by the terminal device,

higher layer signaling sent by the base station. The higher layer signaling indicates the first
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RS sequence to the terminal device.

[0045] In addition, optionally, the obtaining, by the terminal device, a first RS sequence
corresponding to a first time interval specifically includes: calculating, by the terminal device
according to the following predefined formula (2), a first index number corresponding to the

first RS sequence, and obtaining the first RS sequence according to the first index number:

RSindexl - CRNTI mOdN

(2), where

RS C v

index 15 the first index number, 715 a cell radio network temporary

identifier of the terminal device, and N is a sequence quantity of the N RS sequences.

[0046] Optionally, the terminal device sends a first data packet to the base station in the
first time interval by using the first RS sequence.

[0047] As described above, a plurality of root sequences are introduced, so that the
following problem is resolved: Only a limited quantity of terminal devices can transmit data
in a competitive data transmission area.

[0048] However, because each of the at least two root sequences may be a ZC sequence,
every two of RS sequences that are generated based on each root sequence are orthogonal.
However, RS sequences that are generated based on different root sequences may be
non-orthogonal. Because non-orthogonal RSs are introduced, and a plurality of terminal
devices corresponding to one base station select reference signals from the N RS sequences,
there may be a relatively strong correlation between RS sequences used by two terminal
devices. This causes a detection error of the base station.

[0049] For example, it 1s assumed that when a terminal device sends a first data packet to
the base station 1n a first time interval by using a first RS sequence, another terminal device

sends a data packet in the same time interval by using another RS sequence. If the first RS

sequence has a relatively strong correlation with the RS sequence used by the another
terminal device, the terminal device receives, from the base station, an instruction for

retransmitting the first data packet.

[0050] [t the two terminal devices still use the previous two RSs with a relatively strong
correlation during retransmission, and data packet retransmission 1s still performed in a same
time interval, interference 1s also relatively large. To avoid the foregoing problem, RSs for
initial transmission and retransmission may be different, so that interference caused by the
RSs 1s randomized.

[0051] Step 330: The terminal device determines a second RS sequence corresponding to

a second time 1nterval, where the second RS sequence 1s also one of the N RS sequences, and
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‘the second RS sequence is calculated according to the first RS sequence.

[0052] Step 340: The terminal device sends the second RS sequence to the base station in

the second time interval.

[0053] In this embodiment of the present invention, there are two different definitions for
the first time interval and the second time interval. The following separately describes Case 1
and Case 2.

[0054] Case 1: The first time interval and the second time interval respectively correspond
to a unit time domain resource for sending a data packet and another unit time domain
resource for retransmitting the data packet.

[0055] In this embodiment of the present invention, retransmitting a data packet means
performing channel coding and rate matching on original data of the data packet to obtain
retransmitted data obtained after the original data 1s encoded, and sending the retransmitted
data.

[0056] Optionally, the unit time domain resource may be one subframe.

[0057] In this case, the terminal device sends the first data packet to the base station in the
first time interval by using the first RS sequence; and the terminal device retransmits the first
data packet to the base station in the second time interval by using the second RS sequence.
The second RS sequence 1s different from the first RS sequence.

[0058] Optionally, that the second RS sequence 1s calculated according to the first RS
sequence specifically includes: the terminal device calculates, according to the index number
of the first sequence and a shift count of index numbers of two adjacent time intervals in
which the terminal device sends a same data packet, a second index number corresponding to
the second sequénce.

[0059] Optionally, the terminal device may calculate, according to the first RS sequence
and according to the following formula (3), the second index number corresponding to the

second RS sequence:

RS =( RS

index? index1

+S,)mod T (3), where

RS : : -
Sindec? i the second index number corresponding to the second sequence,

RS e 1s the first index number corresponding to the first sequence, S; is the shift count of

the index numbers of the two adjacent time intervals in which the terminal device sends a
same data packet, S1 1s a positive integer, and T 1s a minimal prime greater than or equal to N.
[0060] Because T 1s a prime, any positive integer and T are coprime. Therefore, it is

ensured that the terminal device can configure all the N RS sequences after time intervals in
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~which the data packet is sent for N times.

[0061] Optionally, the terminal device configures, for each data packet, a different RS
sequence for a time interval in which the data packet is sent each time. Therefore, a time
interval in which a same data packet is sent for an (n-i-l)th time 1s adjacent to a time interval in
which the same data packet is sent for an n'™ time. It should be noted that, for a data packet,
(n+1)" sending may also be referred to as retransmission of n" sending, where n is a positive
Integer.

[0062] As described above, S; 1s the shift count of the two adjacent time intervals of the

terminal device. Because S; 1s a positive integer, it is ensured that the second index number

BS nder2 and the first index number RS text are different values. In addition, because the RS

sequences are In a one-to-one correspondence with the index numbers, the second RS
sequence 1s different from the first RS sequence, so that it i1s ensured that when a same data
packet 1s sent again, an RS sequence different from a previous RS sequence is used.

[0063] Optionally, in another embodiment, the terminal device may calculate, according
to the first RS sequence and according to the following formula (4), the second index number

corresponding to the second RS sequence:

RS, ., =(RS, ..,T™™,)mod N (4), where

ndex|

RS : : :
mdex2 15 the second index number corresponding to the second sequence,

RS ext 1s the first index number corresponding to the first sequence, M; is the shift count of

the index numbers of the two adjacent time intervals in which the terminal device sends a
same data packet, M 1s a positive integer, and M; and N are coprime.

[0064] Therefore, 1t 1s ensured that the terminal device can configure all the N RSs after
the time intervals in which the data packet is sent for N times.

[0065] For example, the terminal device adds M; to the first index number, and performs
a modulo operation on N to obtain the second index number, so as to obtain the second RS
sequence. M and N are coprime. Therefore, each time M is added to an index number, it can
be ensured that after N time intervals, the terminal device can configure all of the N RS
sequences, and an RS sequence used each time is different. For example, assuming that a
quantity N of RS sequences 1s §, any one of 1, 3, 5, or 7 may be selected as M. When M is 1,
in each time interval, an index number corresponding to an RS sequence configured by the
terminal device 1s a previous index number plus 1. After eight time intervals, the terminal

device can configure all the eight RS sequences.

10
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[0066] In conclusion, the terminal device configures a different RS sequence for a time

interval in which a data packet is sent each time, so that a different RS sequence can be used
for each time of sending the data packet, and interference caused by RSs 1s randomized.
[0067] Case 2: The first time interval and the second time interval respectively correspond
to two unit time domain resources, for example, subframes, on which the base station allows
the terminal device to send a data packet. The terminal device may receive information, sent
by the base station, about a plurality of unit time domain resources on which the terminal
device 1s allowed to send a data packet. The first time interval i1s one of the plurality of unit
time domain resources, and the second time interval 1s also one of the plurality of unit time
domain resources and is a K™ unit time domain resource after the first time interval, where K
1S a positive integer greater than 1. That 1s, between the first time interval and the second time
interval, there 1s further information about K—1 unit time domain resources on which the
terminal device 1s allowed to send a data packet. In each unit time domain resource on which
sending of a data packet 1s allowed, the terminal device may or may not send a data packet.
[0068] For example, the unit time domain resource 1s a subframe, that is, the first time
interval corresponds to a subframe that can be used to send a data packet, and the second time
interval corresponds to a K™ subframe that can be used to send a data packet after the first
time interval. Optionally, the terminal device may configure one corresponding RS sequence
for each subframe that can be used to send a data packet. Although the terminal device does
not send a data packet in the second to (K—1)™ subframes, the terminal device still configures
the corresponding RS sequence for each subframe according to a configuration rule. A
calculation manner for an RS sequence of the K™ subframe is described subsequently.

[0069] Optionally, the N RS sequences correspond to N different time intervals, each time
interval 1s a unit time domain resource on which the UE is allowed to send a data packet to the
base station, and one time cycle includes the N time intervals. The first time interval is the
first unit time domain resource in the time cycle.

[0070] Optionally, that the second RS sequence is calculated according to the first RS
sequence specifically includes: the terminal device calculates, according to the index number
of the first sequence and a shift count of index numbers corresponding to two adjacent unit
time domain resources, a second index number corresponding to the second sequence.

[0071] Optionally, the terminal device calculates, according to the following formula (5),

the second index number corresponding to the second sequence:

RS . =[RS, . +K-1)S,]JmodT (5), where

index? ndex|

11
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RS e is the second index number corresponding to the second sequence,

RSt s the first index number corresponding to the first sequence, S; is the shift count of
the index numbers corresponding to the two adjacent unit time domain resources, and T 1s a
minimal prime greater than or equal to N.

[0072] That is, because a second time corresponding to the second RS sequence 1s the K™
subframe, a sequence index number of the RS sequence corresponding to the K™ subframe
needs to be calculated.

[0073] In addition, optionally, the terminal device may calculate, according to the first RS
sequence and according to the following formula (6), the second index number corresponding
to the second RS sequence:

RS .., =[RS, . ,t(K-1)M,]modN (6), where

index|

RS index: is the second index number corresponding to the second sequence,

RSt {s the first index number corresponding to the first sequence, M; is the shift count of
the index numbers corresponding to the two adjacent unit time domain resources, M, 1s a
positive integer, and M; and N are coprime.

[0074] Likewise, an RS sequence corresponding to any subframe may be calculated
according to the formula (5) or the formula (6), regardless of whether the terminal device
sends a data packet in the subframe.

[0075] In this case, because the terminal device may use a different RS sequence for
sending in each subframe, an RS sequence also randomly changes, so that a probability of
reference signal interference from or to another terminal device 1s reduced.

[0076] As described above, the N RS sequences may correspond to the N index numbers.

The terminal device may obtain a corresponding RS sequence according to an index number.
[0077] In conclusion, the terminal device configures a different RS sequence for a time
interval in which sending of data is allowed each time, so that RS sequences are greatly
decreased, and interference caused by the RSs 1s randomized.

[0078]  FIG. 5 is a schematic flowchart of a data transmission method according to an
embodiment of the present invention. The method in FIG. 5 may be executed by a base
station.

[0079] Step 510: The base station receives a first reference signal (RS) sequence in a first
time interval, where the first RS sequence is one of N RS sequences, N is a positive integer,

and the N RS sequences are generated based on at least two root sequences.
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. [0080]  Optionally, the N RS sequences correspond to a same cell, and the cell is a cell

corresponding to the base station. The N RS sequences are already described in step 310, and

details are not described herein again.

[0081] Step 520: The base station determines, according to the first time interval, that the
received first RS sequence is sent by a first terminal device.

[0082] Step 530: The base station receives a second RS sequence in a second time
interval, where the second RS sequence i1s one of the N RS sequences, and the second RS
sequence 1S determined according to the first RS sequence.

[0083] Optionally, 1In Case 1, the first time interval and the second time interval
respectively correspond to a unit time domain resource for sending a data packet and another
unit time domain resource for retransmitting the data packet.

[0084] Optionally, the base station receives, in the first time interval, a first data packet
that 1s sent by the terminal device by using the first RS sequence; and the base station
receives, 1n the second time interval, the first data packet that 1s sent again by the terminal
device by using the second RS sequence. The second RS sequence 1s different from the first
RS sequence.

[0085] Optionally, the N RS sequences are in a one-to-one correspondence with N index
numbers, and the determining the second RS sequence according to the first RS sequence
includes: calculating, according to an index number of the first RS sequence and a shift count
of index numbers of two adjacent time intervals in which a same data packet is sent, a second
index number corresponding to the second RS sequence.

[0086] Optionally, a formula for calculating the second index number is the formula (3).

RS : : : RS :
mdex2 15 the second index number corresponding to the second sequence, index! 19 the

first index number corresponding to the first sequence, S; 1s the shift count of the index
numbers of the two adjacent time intervals in which the base station receives a same data
packet, S; 1s a positive integer, and T 1s a minimal prime greater than or equal to N.

[0087] Optionally, a formula for calculating the second index number is the formula (4).

RS er: 1s the second index number corresponding to the second sequence, RS iiext 1S the

first index number corresponding to the first sequence, M, is the shift count of the index
numbers of the two adjacent time intervals in which the base station receives a same data
packet, M 1s a positive integer, and M; and N are coprime.

[0088] Case 2: The first time interval and the second time interval respectively correspond

to two unit time domain resources, for example, subframes, on which the base station allows
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“the terminal device to send a data packet.

[0089] Optionally, the N RS sequences correspond to N different time intervals, each time
interval is a unit time domain resource on which the base station allows the terminal device to
send a data packet, and one time cycle includes the N time intervals. The first time interval 1s
the first unit time domain resource in the time cycle, the second time interval 1s a K™ unit time
domain resource in the time cycle, and K 1s a positive integer greater than 1 and less than or
equal to N.

[0090] Optionally, the N RS sequences are in a one-to-one correspondence with N index
numbers, and the determining the second RS sequence according to the first RS sequence
includes: calculating, according to an index number of the first RS sequence and a shift count
of index numbers corresponding to two adjacent unit time domain resources, a second index
number corresponding to the second RS sequence.

[0091] Optionally, the formula for calculating the second index number 1s the formula (5).

RS iex: 1s the second 1index number corresponding to the second RS sequence, RS nex 1S the

first index number corresponding to the first RS sequence, S, is the shift count of the index
numbers corresponding to the two adjacent unit time domain resources, and T 1s a minimal

prime greater than or equal to N.

10092) Optionally, the formula for calculating the second index number 1s the formula (6).

RS RS, s the

mdex2 15 the second index number corresponding to the second sequence,
first index number corresponding to the first sequence, S; 1s the shift count of the index
numbers corresponding to the two adjacent unit time domain resources, M; 1s a positive
integer, and M, and N are coprime.

[0093] Optionally, the base station sends higher layer signaling to the terminal device, and
the higher layer signaling indicates the first RS sequence to the terminal device.

[0094] Optionally, each of the at least two root sequences 1s a Zadoff-Chu sequence.
[0095] Step 540: The base station determines, according to the second time interval, that
the received second RS sequence 1s sent by the first terminal device.

[0096] For a process of performing data transmission by the base station, refer to the
method executed by the terminal device in FIG. 3. Details are not described herein again.
[0097] FIG. 6 1s a schematic diagram of a terminal device according to an embodiment of
the present invention. User equipment 600 in FIG. 6 includes a receiving unit 610, a

processing unit 620, and a sending unit 630.

[0098] The processing unit 620 1s configured to determine a fir<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>