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DMRS transmission. According an embodiment of the disclosure, a method in-
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- one antenna port respectively; determining the number of symbols for carrying
the determined DMRS resource in time domain;
DMRS resource of each of the at least one antenna port to the UE. Embodiments
of the disclosure solve the technical problem of indicating DMRS resource and
determining symbol/subcarriers for carrying the DMRS resource during DMRS
transmission.

and indicating the determined



WO 2019/028869 PCT/CN2017/097186

METHOD AND APPARATUS FOR DMRES TRANSMISSION

TECHNICAL FIELD

{6001} The present disclosure is direcied to wircless communication technology, and more
particalarly relates to DMRS {(demodulation reference signal) transmission technology i wireless

communicaiion.

BACKGROUND

(60621 In a wircless communication network, a base station and UE (user equipment) generally
demodulate data based on DMRS resources.  There are multiple configurations for the DMRS
resources in view of different waveforms and the DMRS port number to be supported. For
exaraple, 3GPP (3rd Generation Partnership Project) specifies that for CP-OFDM (cyclic prefix-
orthogonal frequency division multiplexing), an UE 18 configured by higher layers with DMRS
resources gencrated either from DMRS Configuration tvpe 1 or from DMRS Configuration type 2
for DL/UL (downlink/uplink), wherein for each configuration type, the DMRS resources are
further presented 1o different patierns and may be carried in one orthogonal frequency division
raudtiplexing symbols i tiwe domain and one or two subcarriers in frequency domain.  Simiarly,
3GPP also specifies ditferent configurations for DMRS regources m DFT-S-OFDM  (discreto
Fourier transform-spread- orthogonal frequency division multiplexing) waveform. At the same
time, according to Long Term Evolution (LTEYLTE-Advanced (LTE-A), for DL DMRS
transmaission, the port mapping order is predefined in specification, and port group indication is
used to determine the DMRS resources; and for UL DMRS transmission, the port mapping order
s mdicated m UH-specific DCE (Downlink Control Information), and the transmission layer is
also mmdicated to determine the DMRS resources. However, the 3GPP does not discuss how to
generate the DMRS resources and mapping the DMRS port to a specific DMRS resource
considering the varions configorations and waveforms for DL/UL.  That s, no agreements on
how to design the DMRS resources and how to determine the symbol nummber used by a DMRS

source etc. are achieved in the LTE/LTE-A.

[6003] Thus, there is a need for further complementing and taproving the technical solutions
on the DMRS transmission.

SUNMMARY OF THE DISCLOSURE

(00041 One object of the disclosure is to provide a method and apparatus for indicating DMRS

resonrces to UEs.

[G003]  Another object of the disclosure is to provide a method and apparatus for determining
the mumber of symbols for carrying a DMRS resource in time domain.

(60861 A vyet another object of the disclosure is to provide a method and apparatus for

i
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determining the number of subcarriers for carrying a DMRS resource in frequency domain,

(8067} According to onc cmbodiment of the disclosure, a method includes: determining a
demodulation reference signal (DMRS) resource for cach of the at least one antonna port for a user
equipment (UE) respectively; and mdicating the DMRS resource of each of the at least one
anteona port to the UE.

18008] In another embodiment of the disclosure, the DMRS resource is selected from a DMRS
mapping table, and the DMRS mapping table 18 generated by a plurality of domain resources
combined 1n at least one prionty order.  The at least ong priority order is predefined.  When the
at least one priortty order 18 more than one, the method further comprises indicating the prionty
order for gencrating the DMRS resource.  For a CP-OFDM waveform, each of the at loast one
priority order also mdicates the sequence in which the transmission layers supported by a single
UFE uses the DMRS resources.  For a CP-OFDM waveform, the DMRS mapping table mcludes
an 8-laver sub-table for a single UE with 8-layer gencrated in ong of the at least one priority order.
The DMRS mapping table further inclades an additional sub-table generated in the same priority
order for a single UE with layer less than 8, and the additional sub-table 1s generated by dividing
at least one row from the 8-laver sub-table mnto multiple rows.  For a CP-OFDM waveform, the
priority order is ndicated to the UE via a radio resource control (RRC) signaling or inchided
downlink control information {DCL).  The DMRS resource is indicated to the UE via downlink
control mnformation (DCI).  For a CP-OFDM waveform, the DMRS mapping table mcludes an
8-layer sub~table for a single UE with 8-layer generated in cach of the at least one priority order,
wherein cach row of the 8-laver sub-table corresponds to one prionity order.  The DMRS table
further includes an additional sub-table for a smgle UE with laver less than 8 generated by
dividing at least one row from the 8-layer sub-table into a phlurality of rows. For a CP-OFDM
waveform, when an additional DMRS 1s configured, the DMRS mapping table 1s generated by 2
domain resources combined in the at least one prionity order.  When the DMRS resource 1s for
downlink, the DMRS mapping table further includes information mapping a DMRS port 1o a
DMRS resource in mapping order of the plurality of domain resources. The DMRS port is
mdicated via downlink control information (DCI).

[600G9]  According to an embodiment of the disclosure, the method further includes determining
the number of symbols for carrying the DMRS resource mn time domain.  When the domain
resources for mdicating the DMRS resource includes a group of orthogonal covering codes
{(OCCs), the method further include determining whether all clements of the group of OCCs are
identical, and when all of the clements are identical, the number of svmmbols 1 1 and when all of
the clements are oot wlentical, the nomber of symbols is more than one. When an additional
DMRS 1s configured, the nomber of symbols 1s 1. When an additional DMRS s configared, the
method forther comprises repeating one of the svmmbols carrying correspondmg front-loaded
DMRS resource.  The number of symbeols for carrying the DMRS resource 15 predefined to be 1
or more than one.  The method further ncludes indicating the number of symbols for carrying
the determined DMRS rescurce to the UE via RRC signaling or downlink control mformation
(DCh.
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18010} According to an embodiment of the disclosure, the method further includes determining
the number of subcarriers for carrying the determuned DMRS resource in frequency domain,
When the domain resources for mdicating the DMRS resource meludes at least one group of
orthogonal covering codes (OCCs), the method further include dotermining whether all clements
of the group of OCCs are identical, and when all of the elements are identical, the number of
subcarriers 15 1 and when all of the elements are not identical, the number of subcarriers 1s more

than one.

{8011} An embodiment of the disclosure provides a method, which includes: receiving
iaformation indicating the DMRS resource of the antenna port; and recetving DMRS for cach of

the antenna port based on the indicated imformation.

(6012} An ombodiment of the disclosure provides a method, which includes: receiving
information indicating the DMRS resource of the antenna port; and receiving DMRS for gach of
the antenna port based on the indicated information.

(606131 Embodiment of the disclosure also provides apparaiuses for performing the methods.

[8014] FEmbodiments of the disclosure solve the technical problems concerning on DMRS
transmission, such as how to indicate a DMRS resource to UEs and how {o determine the number
of symbols/subcarmiers for carrying a DMRS resource, which will greatly facilitate the ovolution
of LTE/LTE-A.

BRIEF DESCRIPTION OF THE DRAWINGS

18015] In order to describe the manner in which advantages and features of the disclosure can
be obtained, a description of the disclosure is rendered bv reference to specific embodiments
thercof which are llustrated m the appended drawings. These drawings depict only exaraple

embodiments of the disclosure and are not therefore to be considered to be limiting of its scope.

[6616] FIG. | illustrates a wireless communication system 100 according to an embodiment of
the disclosure;

10017} FIG.2 illustrates the flow chart of a method for DMRS trassmission according to an
embodiment of the present disclosure.

18018} FIG. 3 illustrates the flow chart of a method for generating the indications of DMRS
resources, wiuch are arranged m a DMRS mappiag table according to an embodiuent of the
prosent discloswre.

[6019] FIG. 4 llustrates a flow chart for a method of receiving DMRS resources for DL,

10026] FIG. 5 tlustrates a flow chart for a method of receiving DMRS resources for UL,
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DETAILED BESCRIPTION

(6621} The detailed description of the appended drawings 1s intended as a description of the
currently proferred embodiments of the present invention, and is not intended to represent the only
form 1n which the present tavention may be practiced. 1t s to be understood that the same or
cquivalent functions may be accomphished by different embodiments that are ntended o be

cncompassed within the spirit and scope of the present mvention.

18022} FIG.1 illustrates a wircless communication system 100 according to an embediment of
the disclosure.  As shown in FIG. 1, the wireless commuomcation system 100 inchudes a plorality
of base stations 10, such as a plurality of ¢eNBs, or plurality of gNBs and a plurality of UEs 20.
Each base station 10 can be provided with a plurality of antennas (not shown}, and configure cach
antehna to be at least onc antenma port to transmit data/signaling to UEs 20 and receive
data/signaling from UEs 20 via the corresponding antenna port.  For DL, when a base station 10
transmif data via an antenna port to a UE 20, the base station 10 will indicate the DMRS resource
about the antenna port to the UE 20 so that the UE 20 can demodulate the received data based on
the DMRS resource.  On the hand, the UE 20 will also receive an ndication of a DMRS resource
and information ndicating transmission lavers for UL, so that the UE 20 can transmit data in the

manner gs scheduled by the base station 10

[6023] The 3GPP specifies two waveforms, 1.¢, CP-OFDM and DFT-S-OFDM. Recently
released RAN1#89 updated two types of DMRS configurations for DL/UL, wherein according to
configuration 1, when the DMRS rescurce 1s transmitted 1n one symbol, 1 group of frequency
domain resources, 1.¢., 2 combs and 1 group of code domain rescurces, 1., 2 CSs {cychio shift) can
be used to generate DMRS resources.  While, when the cach DMRS resource 18 transmitted m
two symbols, 2 comb, 2 CS, and 2 TD-OCC (time domain-orthogonal cover code) can be used to
generate the DMRS resources.  In the other hand, according to configuration 2, when the DMRS
resource 18 transmitied 1 one symbol 2 FO-OCC (frequency domam-orthogonal cover codel
across adjacent REs (resource clements) and 3 frequency domain shift in the frequency domain
can be used to generate the DMRS resources.  While when the DMRS resource is transnutied in
2 symbols, 3 frequency domain shift, 2 FD-OCC across adjacent REs 1 the froquency domain,
and 2 TD-OCC can be used to generate the DMRS resources.

18024] At the same time, RANI#S9 updated the DMRS for DFT-S-OFDM to be: for
DFT-5-OFDM based physical uplink shared channel (PUSCH) DMRS, the DMRS are mapped to
REs using a comb structure, t.e., mterleaved frequency diviston multiple access (IFDMA). Front
load DMRS is allocated to | or 2 symbols. When 2 symbols are allocated for a DMRS resource, 2

TD-OCC s are also used for orthogonal DMRS port multiplexang.

[6025] However, 3GPP does not achieve any agreement on the DMRS indication and how to
determine the symbol/subcarrier namber of a DMRS resource.  These mmpede the
miplementation of DMRS transmission technology.
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180261 Methods and apparatuses according to embodiments of the disclosure can solve the
technical problems concerming on how to indicate a DMRS resource and determine the number for

symbols/subearriers for carrying a DMRS resource.

(6027} According to an embodiment of the disclosure, a method for DMRS transmission
mainly includes: determining a DMRS resource for cach of the at least one antenna port for a UE)

respectively: and mdicating the DMRS resource of cach of the at least one antenna port to the UE.

18028] Specifically, FIG.2 illustrates the flow chart of a method for DMRS transmission
according to an embodiment of the present disclosure.

(60297 When a communication is set up between a base station 10 and a UE 20, the base station
10 will indicate relative DMRS resources to the UE 20 to ensure smooth data transmission for
DL/UL. At the same time, since a DMRS resource may be transmitted in one or more symbols,
the namber of symbols for carrving the DMRS resources will be determined, for example by the
base station 10 before indicating to the UE 20 according to an embodiment of the disclosure.  As
shown m FIG .2, according to an embodiment of the disclosure, n step 200, at least one antenna
port for a UE 20 1s determined, for example by a base station 10 to transmit/receive data and/or
signaling. In step 202, a DMRS resource for cach of the at least one antenna port 15 determined
respectively, for example by the base station 10, In step 203, the number of symbols for carrying
the determmed DMRS resource in time domain will be determmed, for example by the base
station 10.  Then, in step 204, the determined DMRS resource of each of the at least one antenna
port is mndicated to the UE 20, for example by the base station 10,

[6038] The determined DMRS resource may be selected from a DMRS mapping table, and the
DMRS mapping table is generated by a plurality of domain resources combined m at least one
priority order.  More details about the DMRES mapping table and the generation of the DMRS
mapping table will be dlustrated 1n the following text. The plurality of domain resources may
mclude a group of frequency domain resources, hercafter, marked as “comb™ as wdicated 1 one
case of DMRS configuration 1. In another embodiment of the disclosure, the plurality of domain
resources includes a group of code domain resources, CS and TD-OCC as indicated m the other
case of DMRS configuration 1. For example, the group of frequency domain resources may be
comb 0 or comb 1, code domain resource may be CS 0 or C8 6, TD-OCC (+1 +1), or TD-OCC(H
-1}, According to a further embodiment of the disclosore, the phurality of domarn rescurces may
mchude frequency shuft and a group of FD-OCC as indicated 1 one case of DMRS configuration 2,
and the plurality of domain resources may further include TD-OCC as mdicated m other case of
DMRS configuration 2.

(6031} FIG3 illusirates the flow chart of 2 method for generating the indications of DMRS
resources, which are arranged m a DMRS mapping table according to an embodimeni of the

present disclogure.

[0032] As shown in FIG3, in step 300, the configuration of DMRS resources is determined.
For example, the configuration may be configuration 1 or configuration 2 provided m RANI#89,

5
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In step 302, at least ong priority order of combining a plurality of domain resources is determined
based on the configuration.  For example, when the configuration of DMRS s the first case of
configuration, it means that 2 comb and 2 CS are uvsed to generate the indication of DMRS
resources, which may be comb 0, comb 1, C5 0 and CS 6. The prionity order of combing domaim
resources comb and CS may be firstly maintain onc comb and alternating 2 CS, and then ropeating
the combination by maintaming the other comb, that 1s, the priority order of CS 1s hugher than
comb. Then, 1 sicp 304, a DMRS mapping table is gencrated by combimng the plurality of
domain resources based on the detornuned at least one priority order.  More than one priority
order may be determuned.  In this case, cach DMRS mapping table based on one prionity order

corresponds to a sub-table, and multiple the sub-tables will be combined inte one table.

[8033] Various embodiments according to the disclosure are provided as follows to illusirate
how to indicate DMRS resources.

[6034] According o an embodiment of the disclosure, the DMRS resources for the
DFT-5-0FDM waveformr may be indicated via the combination of a group of frequency domain
resources and at least one code domam resource, for example, the second case of configuration |
is used.  The prionity order of the combination 18 CS>comb > TD-0CC, and C8 can be selected
from CS 0 and CS 6, comb can be selected from 0 and 1, and TD-OCC can be selected from
TB-0CC (+1, +1) and TD-OCC (+1, -1). Based on that, the first DMRS resource may be
mdicated as: comb O\CS O\TD-OCC (+1, +1) and 15 indexed as "0"; the second DMRS resource
may be indicated as: comb O\ CS 6\TD-0QCC (+1, +1} and may be indexed as "1"; the third DMRS
resource mayv be mdicated as: comb 1\ CS O\TD-OCC (+1, +1) and mav be indexed as "2"; the
fourth DMRS resource may be indicated as: comb 1V CS 60\TD-0OCC (+1, +1) and may be indexed
as "2" and sc on.  Each indication of DMES resource 18 arranged together in table 1. At the
same time, for the DFT-S5-OFDM waveform, a single UE only supports one transmission layer.
For example, when the DFT-5-0FDM waveform is used as UL waveform, the DMRS resources

mayv be designed to support at most 8 UEs simultancously as shown in table 1.

Reasource
dex comb cs TD-0CC
g ] 0 +1,+1
1 0 6 +1,+1
2 1 4] +1,+1
3 1 6 +1,+1
4 0 e 41,1
] 0 8 +1,~1
& 1 0 +1,~1
7 1 6 +1,-1

Table 1: a DMRS mapping table for UL DFT-5-OFDM
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18035] With ths table, a base station 10, for example a gNB can determine a DMRS resource to
an antenna port and indicates it to an UE. The gNB itself s responsible for guaraniceing
determined DMRS resources being orthogonal for multiple UEs.  All rows or a subset of rows,
t.c., a sub-table of table 1 can be predefined in specification. When all the rows of table 1 are
supported, 3 bits may be used for indication. To reduce signaling overhead, only a subsct of the
rows may be used when UEs less than 8 will be supported.  For example, when only 4 UEs will
be supported in MU-MIMO (multiple user-multiple-tnput multiple-output), only DMRS resources
(-3 n table 1 are needed for DFT-5-OFDM.  That 1s, the DMRS resources can be indicated only
with CS and comb.

[00361 Different from the DFT-S-OFDM waveform, a single UE can support § lavers in the
CP-OFDM waveform.  Meanwhile, multiple UEs to construct & ports DMRS transnussion are
also supported m the CP-OFDM waveforma.  That s, for the CP-OFDM waveform, the mdication
of DMRS rosources should consider both SU (single user) MIMO and MU-MIMO.  According
to embodiments of the disclosure, the DMRS resources are specified to support any transmission
layers (layers) with small signaling overhead for SU-MIMO, and to be flexable for any UE for
MU-MIMO.

18037} Similarly, to generate the indications of DMRS resources for CP-OFDM waveform, a
method of generating the indication of DMRS resources mamly includes determining the prionity
order of domain resources. The priority order also means that for a single user supporting
multiple layers, the multiple layers will use the DMRS resources in sequence.  In the other word,
the prionity order also indicates the sequence in which the transmussion layvers supported by a
single UE use the DMRS resources.  According to an embodiment of the disclosure, the domain
resource may use the second case of configuration 1. that s, €8, comb and TD-OCC.  There will
be 6 possibilities of the order as follows:

Order 1: CS->comb->TD-0CC;

Order 2: CS->TD-0CC->comb:;

Order 3: comb->CS-TD-OCC,

Order 4: comb->TD-OCC->CS;

Order 5: TD-OCC->CS->comb; and

Order 6: TD-OCC->comb-CS.

[6038] For example, with Order 1, each layer supported by a single user can use the DMRS
resources in the following sequence:

Laver 0 use CSO, comb(, TD-OCC(+,+1D)

Layer 1 use CS6, comb0, TD-OCC(+1 +1)

Layer 2 use C80, combl, TD-OCC(+1,+1)

Layer 3 use C56, combl, TDB-OCC(+1 +1)

Layer 4 use C50, comb0, TD-OCC(+1,-1)

Laver 5 use C86, combl, TD-OCC(+1,-1)

Laver 6 use C50, combl, TD-OCCHI -1

Layer 7 use 86, combl, TH-0CC(+1 -1}

~3
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18039} Thus, the DMRS resowrces for a single UE with 8 layers can be indicated based on the
priority order of combining the domain resources.  According to an embodiment of the disclosure,
3 bits may be used to indicate the priority order. The 3 bits can be carried by RRC signaling.
The 3 bits can also be included 1 the DCI to schedule the DMRS transmussion,

[6048] According to another embodiment of the disclosure, the indications of DMRS resources
for a single UE support 1 laver, 2 layers, and 4 lavers can be respeciively generated by selecting
corresponding layers based on the above DMRS resources for a single UE with 8 lavers. For
cxample, for a single UE with [-layer, the DMRS resources are that of laver 1 to layer 7 for the
single UE with 8-layer, for a single UE with 2 lavers, the DMRS resources are that of layer 2-3,
fayer 4-3, layer 6-7 for the single UE with 8 lavers, and for a single UE with 4 layers, the DMRS
resources are that of laver 4-7 for the single UE with 8 layers. Based on Order 1, a table
thusirating DMRS resources covering the cases including a single UE with 1-layer, a single UE
with 2 lavers, a single UE with 4 layers and a single UE with 8 layer, 1.¢., table 2 is as follows,
wherein v is the layver index and respective table for each case is a sub-table of table 2. Pleoase

note that Table 2 i shown i table 2-1 and table 2-2 {6 clearly show cach element in the table.
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Table 2-2; 8-layer DMRS mapping table m Order |

18041} According io other embodiment of the disclosure, other cases for a single UE with
fayers n addition to 1, 2, 4 and 8 can also be supported by adding additional rows to the table. 4
bits are may be used to indicate the detailed DMRS resource listed in the table. When the
transmission laver can be informed from other scheduling mformation, such as precoding
indication, the signaling overbead can be further reduced.  For example, the precoding indication
mdicates that the transnussion 18 two-layer transpussion, and the DMRS resource indication can
be reduced o 2 bits.  Detailed DMRS resource mdication can be carried by DCI o schedule

transmission.  The signaling decision according an embodiment of the disclosure will consider

8
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both the overhead efficiency and common bits number to avoid UE blind detecting different DCI
hits.

[6642] The corresponding table for a single UE with 8-laver in other priority orders can also be
constructed in a similar way to Order 1. For example, according to an cmbodiment of the
disclosure, for a single UE with 8§ layers, table 3 of indication of DMRS regources in above 6

orders 1 as follows:

comb comb comly comiy comiy comly comly comly 8 o8 o8
fdex p=i} v=1 =4 y=3 =4 =5 y=8 y=F =g =1 v=4
3 3 3 1 1 i il 1 1 & ? d
4 o 4 2 ] 2 ] 2 1 I 2 3
2 R 3 ] 1 ] i G 1 0 0 0
2 O O C C 1 1 1 1 < 5 <
£ 2] 2] 1 1 1 1 X X
A K K i i 1 1 1 1 [

Table 3-1: 8-laver DMRS mapping table for all orders

€& s £& Cs £5 TEB-OCT IB-oCC To00C To000 TO-LLL TROCL To-000

w=2 w=4 =5 =i y=¥ V=l =2 v=k =4 +=5 W=§ W=7

a i} 8 3 N 4+ 44 +1 41 1 49 PR +1.-1 +9 -1 +1-1
i kY {0 H i3 +1 1, rit +1,-1 -4 +1-1 1,1
a 5 & 3 & + 1 +1-1 +1-1 +1.+1 +1,+1 +1,-1 11
5 G 8 @ § +4,+1 +1.-1 +1,41 A, +7-1 4 1
Q § § 3 5 +1-% {4 +1,+1 -1 +4,+1 41
5 153 g 3 G 1+ +1,-1 +1 41 +1-1 +{+1 +1.-1 ~f1 +1-1

Table 3-2: 8-laver DMRS mapping table for all orders
(60437 Similarly, Table 3 is shown in two parts, i.e., table 3-1 and table 3-2 (o clearly show each
clement in the table. Since there are six different mapping orders, 6 rows arc shown in the
8-laver table. The DMRS table may further include at feast one additional sub-table for a single
UE with layer less than 8 gencrated by dividing at least one row from the 8-layer sub-table 1ato a

plurality of rows.

18044] For a single UE with 4-layer, a 4-laver table 4 is constructed by divide each row of the
#-layer table into two rows according to an embodiment of the disclosure.  For example, row 1 is
actually layer 4-7 of row 0 in the 8-layer {able 3. Table 4 is similarly shown as follows i two

parts, 1.¢., table 4-1 and table 4-2 to clearlv show each element in the table.
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Table 4-1: 4-laver DMRS mapping table for all orders
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Table 4-2: 4-layer DMRS mapping table for all orders
[0045] Compared with 8-laver table 3, rows 1.3, 53, 7,9, and 11 are new additional rows, while
the other rows, 1.e., 0, 2, 4, 6, 8 and 10 can be covered by 8-layer table 3.

[6846] For a single UFE with 2 layers, a 2-layer table 3 is constructed by dividing 3 rows of the
8-laver table into 12 rows according to an embodiment of the disclosure, wherein anv one of 3
rows will be divided mito 4 rows.  For example, row 1 s actually laver 2-3 of row {0 i the B-Javer
table, row 2 1s actually layer 4-5 in the 8-laver table, and row 3 is actually layer 6-7 in the 8-layer
table. The chosen 3 rows of the 8-laye table arc row 0, | and 4.  The illustrated embodiment
chooses 3 rows from 6 rows to aveid duplication.  Table 3 1s sinuladdy shown as follows in two

parts, 1.¢., table 5-1 and table 5-2 to clearly show each clement i the table.
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Table 5-1: 2-laver DMRS mapping table for all orders
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Table 5-2: 2-laver DMRS mapping table for all orders

(6047} Compared with the 8 laver table 3, rows 3, 7 and 11 in table 5 are new additional rows,
while the other rows can be covered by 8-layer table 3.

[6048] For a single UE with one laver, a 1-laver table 6 is constructed by dividing one row of
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the 8-laver table into 8 rows according to an embodiment of the disclosure. The illustrated
embodiment chooses 1 row from 6 rows is to avoid duplication.  Table 5 is similarly shown as

follows mn two parts, 1.¢., table 6-1 and table 6-2 to clearly show each clement in the table.

Lo comb o Py T Lo Comb L& o0 LE
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Table 6-1: 1-laver DMRS mapping table for all orders
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Table 6-2: 1-layer DMRS mapping table for all orders

(60497 As shown i table 6, row 1 is actually laver 2 of row 0 in 8-layer table 3, and row 2 is
laver 3 in the 8-laver table 3 and so on.  In addition, compared with 8-laver table 3, row 7 1n table

6 15 the new additional row, while the other rows can be covered by 8-layer table 3.

[0036] Al the above tables 3-6 can be used as sub-tables and are combined into one table for
all prionty and layers according to an embodiment of the disclosure. Table 7 generated by
combining tables 3-6 together is similarly shown as follows in two parts, i.¢., table 6-1 and table
6-2 1o clearty show each clement in the table.  As shown o table 7, all new additional rows for
4-layer, 2-layer and 1-layer are combined into 8-laver table 3.
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Table 7-1: a combined DMRS mapping table for all orders and all layers
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Table 7-1: a combined DMRS mapping table for all orders and all layers

[6051] With combined table 7, 4 bits can be used to indicate the DMRS resource for different
transmaission lavers, where v is the laver index.  According to an embodiment of the disclosure, 4
bits for indicating the DMRS resource can be carried by DCI scheduling the corresponding
transmission.  Combined table 7 can support both SU-MIMO and MU-MIMO. By using
different comb and/or TD-OCC rescurces, MU-MIMGO between UEs with different scheduling

bandwidth and different waveforms can also be supported.

(005821 Although only embodiments about how to generate DMRS mapping table with 1-laver,
2-layer, 4-layer and 8-layer are illustrated, tables corresponding to other transmission layers can

also be constructed i a similar, and can be added to the combined table.

[6653] In addition, although the domain resources C8, comb and TD-OCC are only provided
with 2 values respectively for illustrating the disclosure.  More than two values for the domain
resource and other domam resources, such as frequency shift and FD-OCC can also be used to
generate the indication of DMRS resources, and can be used to construct laver specific table and

combined table in a sumilar way.

[6054] Embodiments of the disclosure can also be used for additional DMRS.  Regardless of
the DFT-5-OFDM or CP-OFDM waveform, when an additional DMRS 1s configured, it means
that the channel 1s varving quickly in time domain or an UE is quickly moving.  According to
one embodiment of the disclosure, n this case, the transmission lavers will be restricted to a small
value, and TD-OCC will not be used considering channel characteristics changes between adjacent
symbels.  For example, the first case of configuration 1, 1.6, C8 and comb, or the first case of
configuration 2, i.¢., frequency domain shift and FD-OCC can be used to generate the ndication
of DMRS resources.  As a result, the size of the DMRS mapping table can also be reduced.

[8085]  According to an embodiment of the disclosure, the indication of a DMRS resource in the

priority order of comb>CS, and the generated DMES mapping table 18 shown in the following
table 8 when additional DMRS 15 configured:
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Table 8: DMRS mapping table m the priornity order of comb>C8 with additional DMRS

[00861 According to another embodiment of the disclosure, the indication of a DMRS rescurce
m the prionity order of CS>comb, and the generated DMRS mapping table 1s shown m the
following table 9 when additional DMRS 15 configured:

index =k =l gz ¥ed A=l et ¥=d ¥=3
G 3 4] 1 H g & g B
1 1 g
% 1 8
& 3 3 & &

Table 9: DMRS mapping table n the priority order of C5 > comb with additional DMRS

{6057} According to an embodiment of the disclosure, RRC or DCI signaling can be used to
indicate the UE which DMRS mapping table 1s adopted when additional DMRS 1s configured.
An additional DCI signaling can also be used to indicate the DMRS resource for additional DMRS
for cach layer. Tables 8 and 9 can also be combined mto one table, which covers the two prionty
orders of combining comb and CS.

[B058] The DMRS resources indication when additional DMRS is configured can alse be based
on combined DMRS mapping table 7 with restrictions on the available rows.  For example, only
the rows with TD-OCC sequence (+1,+1) can be used for additional DMRS, and the rows with
TB-OCC sequence {(+1.-1) can NOT be used for additional DMRS.

[0039] Similarly, although domain resources C8 and corab are used to illustrate embodiment of
the disclosure about generating the mmdication of DMRS resources when additional DMRS is
configured, other domain resources, such as frequency domain shift and FD-OCC can also be used
to generate indications of DMRS resource and construct the DMRS mappiag table when
additional DMRS 15 configured in similar way. The difference may be considered 1s that 3,
rather than 2 frequency domain shift can be arranged, which will affect the number of rows i the
table. However, the same principle based on configuration | can be adopted to configuration 2

and other domain resources as shown i FIG.3 and Hustrated 1a the above embodiments.

[60683] According to an embodiment of the disclosure, for DL, the DMRS mapping table further
comprises information mapping a DMRS port to a DMRS rescwrce 1 a mapping order of the
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plurality of domain resources. The DMRS port to orthogonal DMRS resource mapping can be
predefined i specification or configured by RRC signaling.  The mapping is highly related to the
mapping order of domain resources, such as CS> comb>TD-OCC.,  For example, when the
domain resources are CS, comb and TD-OCC, there are 6 different mapping orders.  As a result,

there are six different kinds of port-resource mappings.

[60611 According to an embodiment, when the mapping order is CS>comb>TD-OCC, the port
to resource mapping is shown n following table 10

Port index comb cs TO-0CC
0 0 0 +1,+1
1 0 o] +1,+1
2 1 0 +1,+1
2 1 o] +1 41
4 0 0 +1 -1
5 0 8 +1 -1
6 1 g +1 -1
7 1 8 +1 -1

Table 10: Port to resource mapping for CS/comb/TD-OCC

(00621 For other port-rescurce mapping orders, similar table as Table 10 can also be
constructed.

(66631 With the port to resource mapping, a base station 10, for example a gNB can indicate the
DMRS ports and transmission layers to a UE at the same time. An exaraple table 11 for
mdicating DMRS ports and transmission layer 1s shown as follows, which 1s based on table 10 for

port {0 resource mapping.
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Index DMRS port(s)
0 Port 0
1 Port 0-1
2 Port 0-2
3 Port -3
4 Port 0-4
5 Part -5
4] Port -5
7 Port 0-7
8 Poit 1
g Port 2
10 Port 3
11 Poit 4
12 Port 5
13 Port 6
14 Port 7
15 Port 2-3
16 Port 4-5
17 Port 6-7
18 Port 4-7

Table 11: DMRS ports and transmission laver indication for C5/comb/TD-OCC

(00641 With table 11, for SU-MIMO, a single UE with &-laver can be supported.  When each
of MU UFs supports [-aver transmission, at most 8 UEs can be supported simultancously,.  When
cach of the 4 UEs supports 2-laver transmission, the total lavers are 8. When cach of the 4 UEs
supports 4-ayer transmission, at most two UEs can be pawed together for MU-MIMO

{ransraission.

18065] Persons skilled in the art should understand that table 11 is just an example for
ithustrating the disclosure.  More rows can be added to the table to increase scheduling flexibility,

and some of the rows can be deleted to decrease signaling overhead.

[8066] In additional, although the examples about DMRS ports are shown for DL, for UL, it is
also destrable to indicate the DMRS port and transmission layers togother according to an
embodiment of the disclosure.  That is, similar table to tables 10 and 11 can also be used for UL,
According to an embodiment of the disclosure, the mapping order for port to resource mapping
can also be predefined in specification or configured by RRC signabing.  According to another
embodiment of the disclosure, the DMRS port and transmission layer indication can be carried by

DT to schedule the transmission,

(00671 Sinilardy, DMRS ports can also be indicated by other domain resource in a mapping
order, such as frequency domain shift, FD-OCC and TD-OCC.  An additional example for port to
15
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domain resource mapping for frequency, FD-OCC and TD-OCC is shown 1n table 12.

Port index FDM FI 0CC D 0CC
¢ 0 +1, +1 +1, +1
1 0 i, 1,+1
2 i i1, +1 i,
3 i i, 1 1,+1
4 2 +1, 41 +i, +1
5 2 i, 1 i,
) 0 N fi, 1
7 0 i, 1 i, 1
8 i +1, +i +1, 01
9 i, 1, 1
10 2 f1, 1 i,
11 2 i, 1 i, 1

Table 12: Port to resource mappmg for FDM/FD-OCC/TD-OCC

160681 Based on the port to resource mapping in table 12, the DMRS port and transmission

layer can be constructed in table 13 as follows.
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index DMRAS port(s)
g Port &
1 Port -1
2 Port §-2
3 Port §-3
4 Port 0-4
5 Port -5
& Port 6-6
7 Port -7
8 Port
! Port2
10 Port 3
1 Port 4
12 Port5
13 Port7
14 Port 8
15 Port 8
16 Port 10
17 Port 11
18 Port 2-3
18 Port4-5
20 Port -7
21 Port 8-9
22 Port 18-11
23 Port4-7
24 Port 8-11
25 Port 4-11

Table 13 DMRS ports and laver indication for frequency domain shiftFD-OCC/TD-0CC

[6069] With table 13, SU-MIMO can support up to 8 lavers.  When each UE supports 1 layer,
MU-MIMO can support up to 12 lavers with 12 UEs. When each UE supports 2 layers,
MU-MIMO can support up to 12 lavers with 6 UEs. When each UE support 4 lavers,
MU-MIMO can support up to 12 layers with 3 UEs.  Table 13 can also support MU-MIMO of
mdex 3 and mndex 23, that 1s, one UE with 4 lavers, and another UE with 8 lavers for MU-MIMGO

{ransmission.

[6078] Peorsons skilled in the art should understand that table 13 is an example for illustration.
Addmg of rows and removing of some of rows are also possible considening the scheduling

flexibility or signaling overhead.

{8071} According to an embodiment of the disclosure, for CP-OFDM waveform, both
configuration 1 and configuration 2 can be used for generating indication of DMRS resource

17
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and/or DMRS port for DL and UL, However, the size of table 11 and table 13 sizes are different.
In fact, table 11 15 a subset of table 13, To design a common DMRS portiransmission laver
mdication table, a common table like table 13 can be adopted based on both DMRS configurationl
and confirmation 2. To save signaling overhead, separatc DMRS port/Aransmission layver mdication
tables can alsc be provided as table 11, and the chosen of specific DMRS port/iransmission laver

indication table can be via RRC signaling, which will indicate which configuration 1s to be used.

18072] According to another embodiment of the disclosure, the DMRS rescurces will be
mndicated to the UEs for DL and UL transmussion.  Since a DMRS resource may be transmitted in
one or morg symbols, the sumber of symbols for carrying the DMRS resources in time domain
will be determined, for example when the UE receives a DMRS rescurce according io an
embodiment of the disclosure.  The mumber of symbols for carrving the same DMRS rosources in
time domain should be determined as the same by the base station 10 and UE 20 to ecnsure the

DMRS transmission 1s correct and data transmission 1s successful and smooth.

[60731 FIGS. 4 and 3 are respectively a flow chart for illustrating a method of receiving DMRS
resources for DL and UL,

18074} Generally, according to an embodiment of the disclosure, a method for receiving DMRS
resources for DL mainly includes: receiving mformation indicating the PMRS resource of the
antenna port; and recetving DMRS for each of the antenna port based on the indicated information.
More specifically, as shown in FIG. 4, according to an embodiment of the disclosure, a method for
receiving DMRS resources for DL includes: in step 400, receiving data transmitied from an
antenna port. More than one antenna port may be assigned to one UE 20 by a base station 10,
In step 402, mformation mdicating the DMRS resource of the antenna port will be recetved by UE
20, In step 404, the nwmber of symbeols for carrying the PMRS resource n time domain will be
determined by the UE.  Then, in step 406, the UE 20 will demodulate the received data based on
the DMRS rescurce.

(6075 While, as shown in FIG 3, a method for receiving DMRS resources for UL is little
different from that for DL according to an embodiment of the disclosure.  In step 300, a UE 20
will receive information indicating the DMRS resource of an antenna port on which data will be
transmiited from the UE. The antenna port may be assigned to the UE by the base station 10,
In step 402, the UE will determine the number of symbols for carrving the DMRS resource in time
domain.  In step 404, the UE 20 receives a precoding matrix indicating the number of lavers on
which the data will be transmitted. Then, step 404, when the UE 20 transmits the data, it will

perform the transaussion based on the recerved DMRS resource and precoding matrix.

[8076] According to an embodiment of the disclosure, when the plurality of dormain resources
wncludes a group of orthogonal covering codes {OCCs), whether all cloments of the group of
OCCs are dentical will be determined by the base station 10 or UE 20, When the all slements
are identical, the number of symbols is 1 and when the all clements are not identical, the number
of symbols is more than one. That is, for the base station 10, a DMRS resovrce will be
transmitted to the UE 20 n one symbol; and for the UE 20, 1t will regard the received DMRS
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resource 18 transmitted in one symbol  For example, for configuration 2, when the domam
resource TD-00C s TD-OOC (+1, +1), the number of symbol will be determined as 1.
Otherwise, when the domam resowrce TD-OCC 15 (+1, -I), the number of symbol will be
determined as more than one, such as 2.  According to this embodiment, at most 4 UFs can be
multiplexed n a transparent wav, which can achieve more accurate channel ostimation without
additional signaling overhead. Meanwhile, the embodiment of the disclosure can support the

front-loaded DMRS resources carnied 1 one symbol or two symbols 1 a flexible way.

18077} According to an embodiment of the disclosure, whether additional DMRS is configured
will be determined. When additional DMRS is configured, the based station 10 and UE 20 will
determine that the number of symbols is 1. The base station 10 will repeat the symbols carrying
corresponding front-loaded DMRS resource as an addition DMRS resource. By repeating the
front-loaded DMRS resource, no additional signaling is needed to ndicate the additional DMRS
resource for the additional DMRA.

[6078] According to an embodiraent of the disclosure, in the case that all elemends of the group
of OCCs 1s not identical while additional DMRS 1s configured, when a front-loaded DMRS
resource is carricd m one or more symbol, for example one symbol i time domam, and an
additional DMRS resowrce is carried the same one or more symbol, for example one symbol in
time domain, then the additional DMRS resource is a repetition of front-loaded DMRS resource.
When a front-loaded DMRS resource is supposed to be carmed m two symbols, while an
additional DMRS resource is supposed to be carried in one symbol, the additional DMRS resource
is a repetition of a one of the symbols for carrying the front-loaded DMRS rosource, for example,

repeating the first symbol or the second symbol.

160791 According to embodiment of the disclosure, the number of symbols for carrying the
DMRS resource may be predefined to be 1 or 2, or more.  The number of symbols for canrving
the DMRS rescurce may be indicated to the UE 20 by the base station 10 via RRC signaling or
DCL When two symbols are predefined for carrying DPMRS resowrce (front loaded DMRS
resource), 3 UFs can be multiplexed m a transparent way,  More svimbols are used, more accurate

channel estimation will be achieved.  While one symbeol can reduce signaling overhead.

[0080] For CP-OFDM waveform, beside the svmbel in time domain, the nuraber of subcarriers
for carrying the DMRS resource in frequency domain is also deiermined according to an

embodiment of the disclosure.

18081} According to an embodiment of the disclosure, similarly, when domain resources used
for mdicating the DMRS resource mclhude at least one group of orthogonal covering codes (0CCs),
whether all elements of the group of OCCs 1s identical will be determmed. When the all
clements are identical, the number of subcarriers 1s | and when the all elements are not identical,

the number of subeartiers is more than one.

[6082] Embodiments of the disclosure illustrating how 1o determine the number of symbols for
carrving a DMRS resource/port in time domain and the number of subcarriers for carrving the
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DMRS resource/port in frequency domain when FD-OCC/TD-0CC 1s uwsed is provided for

example as follows.

[6083] In time domain: when OCC (+1,-1) is used for at least one of the indicated DMRS ports
for a UE m time domain, then front loaded DMRS will contain two symbols.  When OCC (+1,-1)
is NOT used for any of the mdicated DMRS ports for a UE 1n time domain, then front loaded
DMRS will contam the {irst one symbol.

1808684 In frequency domain, when OCC (+1,-1) is used for at least one of the mdicated DMRS
ports for a UE in frequency domain, then the two adjacent subcarriers counstructing a FD-OCC
group will be used.  When OCC (+1.-1) 1s NOT used for any of the mdicated DMRS ports for a
UE m frequency domain, then the first one or the second one of the two adjacent subcarriers

constructing a FD-OCC group will be used.

[6085] According to an embodiment of the disclosure, defanlt value in frequency domain can
be predefined. For example, two adjacent subcarmers constructing a FD-OCC group will be
predefined to be used for a DMRS resource no matter the DMRS port/resource mdication.
Whether +1 or -1 15 used for a subcarer is subject to DMRS port indication.  The number of
syimbols for carrving the DMRS resource in time domain value will be determined based on
DMRS port indication as itlustrated in the above embodiments, for example, determining whether
OCC (+1,-1}) 1s used for at least one of the actual DMRS ports for a UE in time domain.  When
{(+1,-1) is used, then front loaded DMRS will contain two symbols.  Otherwise, when (+1,+1) 1s

used, the front loaded DMRS will contain the first one symbol.

[0086] According to an embodiment of the disclosure, default value in time domain can be
predefined. For example, two symbols are predefined for carrving a PMRS resowrce. Whether
+1 or -1 of OCC 1s used for a symbol 1s subject to DMRS port indication.  In frequency domain,
when OCC (+1.-1) is used for at least one of the actual DMRS ports for a UE m frequency domain,
then the two adjacent subearriers constructing a FD-OCC group will be determimed.  When OCC
{(+1,-1} 18 NOT used for any of the sctual DMRS ports for a2 UE m frequency domain, then the first

one of the two adjacent subcarriers constructing a FD-OCC group will be determined.

[60871 According to an embodiment of the disclosure, both the mumber of symbols in time
domain and the number of subcarriers in frequency domain for carrying a DMRS resource/port

can be predefined no matter the DMRS port/resource mdication.

[0088] According to an embodiment, if additional DMRS is configwred, the DMRS
resource/port for the additional resource i frequency will be handled in a simidar way to that in

the time domain.

[6089] In UL, there may be a case that a UE with DFT-S-OFDM and a UE with CP-OFDM are
moliiplexed 10 the same tme/frequency resource.  In this case, for the CP-OFDM UE,
configuration 1 will be used. From network side, regarding that the difference between DMRS
of these two waveforms is only the sequence adopted (DFT-S-OFDM with ZC sequence and
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CP-OFDM with PN sequence), both Comb and TD-OCC can be used to differentiate UEs with
different waveforms. On the other hand, from UE side, it only needs to map the DMRS
according to the base station, for example, gNB ndication, and determine the DMRS symbols n

time domain in a same way for both waveforms.

[6098] The method of this disclosure can be implemented on a programmed processor, which
may be coupled to a memory.  However, the controllers, flowcharts, and modules may also be
miplemented on a general purpose or special purpose computer, a programmed microprocessor or
microcontroller and peripheral integrated cucuit clements, an integrated cucuit, a hardware
electronic or logic circuit such as a discrete element circuit, a programmable logic device, or the
like. In general. any device on which resides a finite state machine capable of implementing the
flowcharts shown in the figures may be used to implement the processor functions of this

disclosure.

[6091] Whale this disclosure has been described with specific embodiments thereof, it is evident
that many alternatives, modifications, and variations will be apparent to those skilled in the art.
For example, vanous components of the embodiments may be interchanged, added, or substituted
in the other embodiments. Also, all of the elements of cach figure are not necessary for operation
of the disclosed embodiments. For example, one of ordinary skill in the art of the disclosed
embodiments would be enabled to make and use the icachings of the disclosure by simply
employing the elements of the mdependent claims. Accordingly, embodiments of the disclosure as
set forth herein are mtended to be iltustrative, not limiting. Various changes mayv be made without

departing from the spinit and scope of the disclosure



WO 2019/028869 PCT/CN2017/097186

What is claimed:

1. Amsthod, comprising:

determining a demodulation reference signal (DMRS) resource for each of the atleast

one antenna port for a user equipment {UE)respectively, and;

indicating the DMRS resource of each of the at least one antenna port o the UE.

2. The method according o Claim 1, wherein the DMRS resource is selected from a

DMRS mapping table, and the DMRS mapping table is generated by a plurality of

domain resources combined in at lsast ons priority order.

o

The method according to Claim 2, wherein the at least one priority order is predefined.

4. The method according to Claim 2, wherein when the at least one priority order is more

than one, the method further comprises indicating the priority order for generating the

DMES resource.

5. The method according fo Claim 2, wherein for a CP-OFDM waveform, sach of the at

least one priorily order also indicates the seguence in which the transmission layers

supported by a single UE uses the DMRS resources.

6. The method according to Claim 2, wherein for a CP-OFDM waveform, the DMRS

mapping table includes an 8-ayer sub-table for a single UE with 8-layer generated in

one of the at least one priority order.

7. The method according to Claim 6, whersin the DMRS mapping table further includes

an gdditional sub-table generated in the same prionty order for a single UE with layer

less than 8, and the additional sub-table is generated by dividing at least one row from

the 8-ayer sub-table into muitiple rows.
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8. The method according fo Claim 4, wherein for a CP-OFDM waveform, the prionty

order is indicated fo the UE via a radio resource confrol (RRC) signaling orincluded in

downlink control information (DCH).

8. The method according to Claim 1, wherein the DMRS resource is indicated to the UE

via downlink control information (DCH.

10. The method according to Claim 2, wherein for a CP-OFDM wavsform, the DMRS

rmapping table includes an 8-layer sub-table for a single UE with 8-layer generated in

gach of the at least one prionity order, whersin each row of the 8-layver sub-table

corresponds o one priority order.

11. The mathod according to Claim 10, wherein the DMRS table further includes an

addifional sub-table for a single UE with layer less than & generated by dividing at

least one row from the 8-layer sub-iable into a plurality of rows.

12. The meihod according io Claim 2, wherein for a CP-OFDM waveform, when an

additional DMRS is configured, the DMRS mapping table is generated by 2 domain

resources combined in the at least one priority order.

13. The method according to Claim 2, wherein when the DMRS resource is for downlink,

the DMRS mapping fable further comprising information mapping a DMRS port o a

DMRS resource in mapping order of the plurality of domain resources.

14. The method according to Claim 13, whersin the DMRS port is indicated via downlink

control information (DCI).

15. The method according o Claim 1, further compiising determining the number of

symbois for carryving the DMRS resource in time domain,

L2
(O8]



WO 2019/028869 PCT/CN2017/097186

16. The method according to Claim 15, wherein when the domain resources for indicating

the DMRS resource includes a group of orthogonal covering codes (OCCs), the

method further comprises determining whether all elements of the group of OCCs are

identical, and when all of the elemenis are identical, the number of symbols is 1 and

when all of the slements are not identical, the number of symbols is more than one.

17. The msthod according o Claim 15, wherein when an additional DMRS is configured,

the number of symbols is 1.

18. The method according to Claim 15, whersin when an additional DMRS is configured,

the method further comprises repeating one of the symbols carrying corresponding

front-loaded DMRS resource.

18. The method according o Claim 15, wherein the number of symbols for carrying the

DMRS resource is predefined to be 1 or mors than one.

20. The method according to Claim 15, further comprising indicating the number of

syimbols for carying the designated DMRS resource {o the Uk via RRC signaling or

downlink control information (DCI).

21. The method according to Claim 1, further comprising determining the number of

subcarriers for camrying the designated BMRE resource in freguency domain.

22. The method according to Claim 21, wherein when the domain resources for indicating

the DMRS resource includes at lsast one group of orthogonal covering codes (OCCs),

the method further comprising determining whether all elerments of the group ¢f OCCs

are identical, and when all of the elements are identical, the number of subcarrisrs is 1

and when all of the elements are not identical, the number of subcarriers is more than

24
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one.

23. An apparatus, comprising:

a memory, and

a processor coupled to the memory and configured to execute the method according

to Claim 1.

24. A method, comprising:

receiving information indicating the DMRS resource of the antenna port; and

receiving DMRS for each of the antenna port based on the indicated information.

25. The method according to Claim 24, wherein the DMRS resource is selected from a

DMRS mapping table, and the DMRS mapping fable is generated by a plurality of

domain resources combined in at least one priority order.

26. The method of Claim 24, further comprising determining the number of symbols for

carrying the DMRS resource in time domain.

27. The method according to Claim 24, further comprising receiving information on the

priority order for generating the DMRS resource.

28. The method according to Claim 24, whersin for a CP-OFDM waveform, each of the at

lzast one priority order also indicates the seguence in which the transmission layers

supported by a single UE uses the DMRS resources.

29. The method according to Claim 25, wherein for a CP-OFDM waveform, the DMRS

rmapping table includes an 8-layer sub-table for a single UE with 8-layer generated in

one of the al leasi one priority order.

30. The method according fo Claim 29, wherein the DMRS mapping table further includes

25
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an additional sub-table generated in the same priority order for a single UE with {ayer

less than 8, and the additional sub-table is generated by dividing at least one row from

the 8-layer sub-table into a plurality of rows.

31. The method according to Claim 27, wherein for a CP-OFDM waveform, ihe method

further comprises receiving the priority order via a radio resource control (RRC)

signaling or included in downlink control information (DCH.

32. The method according to Claim 24, wherein the DMRS resource is recsived via

downlink control information (DCI).

A
o

. The method according to Claim 25, wherein for a CP-OFDM waveform, the DMRS

mapping table includes an 8-aver sub-table for a single UE with 8-layer generated in

each of the at least one priority order, wherein each row of the sub-table corresponds

o one priority order.

34. The method according io Claim 33, wherein for a CP-OFDM waveform, the DMRS

mapping fable includes an additional sub-table for a single UE with layer less than 8

generated by dividing at least one row from the 8-layer sub-table into a plurality of

fows.

35. The method according to Claim 25, wherein for a CP-OFDM waveform, when an

additional DMRS is configured, the DMRS mapping table is generated by 2 domain

rascurces combined in the at least one priorily order.

36. The method according to Claim 25, wherein when the DMRS resource is for downlink,

the DMRS mapping table further comprises information mapping & DMRS port o a

DMRS resource in mapping order of the plurality of domain resources.
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37. The method according fo Claim 36, further comprising receiving the DMRS port via

downlink control information (DCI).

38. The method according to Claim 26, wherein when the domain resources for indicating

the DMRS resource includes a group of orthogonal covering codes (OCCs), the

method further comprising determining whether all elements of the group of OCCs are

identical, and when all of the elements are identical, the number of symbols is 1 and

when all of the elements are not identical, the number of symbols is more than one.

39. The method according to Claim 26, wherein when an additional DMRS is configured,

the number of symbols is 1.

40. The method according to Claim 26, whersin whean an additional DMRS is configured,

the method further comprises receiving symbols repeating one of the symbols

carrying corresponding front-loaded DMRS resource.

41. The method according to Claim 26, wherein the number of symbols for carrying the

DMRS resource is predefined to be 1 or more than one.

42. The method according to Claim 26, further comprising receiving information on the

number of syimbols for carrying the DMRS resource via RRC signaling or downlink

conirol information {DCH).

43. The method according to Claim 26, further comprising defermining the number of

subcarriers for carrying the DMRS resource in frequency domain for CP-OFDM

waveform.

44 The method according to Claim 43, wherein when the domain resources for indicating

the DMRS resource includes at least one group of orthogonal covering codes (OCCs),

3]
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the method further comprising determining whether ail elemenis of the group of OCCs

are identical, and when all of the elemenis are identical, the number of symbois is 1,

and when all of the elements are not ideniical, the number of subcarriers is more than

one.

45 An apparatus, comprising:

a memory,; and

a processor coupled to the memory and configured to execute the method according

o Claim 24.
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